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I. ITOCTION

1.1 Objective

The principal objective of this study is to review and consolidate
existing oceanographic information relating to three major sea straits
around Japan. These sea straits are:

o TsustIuma Strait (or Korea Strait),

o Tsugaru Strait, and
o Soya Strait (or La Perouse Strait)

The locations of these sea straits are shown in Figure 1-1.

More specifically, the study called for ccmpiling the following
products:

1. Data Inventory System

o Search and review oceanographic data existing in
scattered sources.

o Organize a ccziputer-based directory of the re-
viewed data.

2. Descriptive Oceanocrraphy

o Review existing literature.

o Prepare a descriptive summary of the state of
knowledge on major oceanographic processes.

3. Annotated Biblioaraphy

o Identify mile-stone papers and reports.

o Prepare annotations on the selected literature.

Key oceanographic parameters included in this study are sea water
temperature, salinity, and currents, and to a lesser extent, tide.

Numerous agencies and academic organizations in Japan and Korea
are engaged in the collection of oceanographic data in waters adjacent
to Tsushima, Tsugaru and Soya Straits. While the amunt of data
being collected in this region has been increasing sharply in recent

I-1.
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years, efforts to consolidate the accuulating data into a cerxral
archive or directory hMve been lacking. This report is an attempt
to fill such a vacutun oy organizing a data directory systen which
would provide:

1. Data inventory information to managers and
planners, and

2. a referral guidance for those who wish to
access or retrieve data.

Although the enormity of data volume and the numerous scattered
presence of data sources made it virtually impossible to identify
and review all the existing data, much effort was made in this study
to carry out an exhaustive survey on the principal data sources in
Japan and Korea.

In this report, the inventory information was organized in
accordance with the cruise inventory format of "Oceanographic En-
vironmental Reference Service" (OERS) system, a canputer-based
reference system developed at the Naval Oceanographic Office and
sponsored by Ommander, Naval Oceanography CcmTeand. Established
as a twin systen along with "Coastal Enviroriental Reference Service"
(CERS) under "Oceanographic Management Information System" (CMIS),
the OERS data base is implemented under a UNIVAC software package
known as DMS-I00.

The OERS provides "reference information" on data rather than
the data per se. Standard data base elements in the OERS cruise
inventory include identification of sea strait (called project), cruise
number code, sponsoring organization, ship's name, data collection
dates, identification of general ocean area, type(s) of marine zone,
coordinating agencies, data exchange availability, scientist(s) in
charge and his address. However, in order to enhance the information
content in the data base, we have also added an annotation describing
specific localities of cruise, published oceanographic data reports
and the holding libraries, amount of cruise stations by parameter,
and other necessary camnents. Thus, our enhanced cruise inventory
contains not only information on data collection activity but also
on data volume.

The user can access the OERS data base either by cruise,
parameter, water body, or global coordinates (WMO area identifier).
In order to further assist the user in accessing the data base,
this report contains additional material for orientation:

1-I



o A conplete sumary of plotted cruise tracks by the three
most important data collecting agencies in Japan
(Hydrographic Office, Fisheries Agency, and Meteorological
Agency), is provided in Appendices 1, 2, and 3. A
potential user may first thumb through these cruise
tracks to gain a swift preliminary assessment of the
existing data volume in a specific area of interest.

o Statistical summary of cruise stations by area, parameter,
and agency is provided in Chapter 3.4: "Overview of
OERS Cruise Inventory on Japanese Sea Straits."

o Major data collectors in Japan and Korea, along with
their geographical jurisdictions, survey ships, and data
volume, are described. (See Chapter 1.3: "Principal
Data Collectors" and Chapter 1.4: "Tide and Tidal Currents").

o A detailed chronology of principal oceanographic events
relating to oceanographic data collection practices in
Japan and Korea, including institutional evolutions and
major programs, is presented. (See Chapter 2.1: "Historical
Perspective").

o Recent patterns and trends in the data collecting practices
in Japan and Korea are discussed. (See Chapter 2.2: "Patterns
and Trends").

o Current status of data archiving effort is reviewed, with
special enphasis on the Japan Oceanographic Data Center.
(See Chapter 2.3: "Status of Data Archiving").

o A descriptive oceanography relating to the Tsushima, the
Tsugaru, and the Soya Straits is presented to identify the
current state of knowledge. (See Chapter 3: "Descriptive
Oceanography").

o An annotated bibliography is prepared to outline representative
research efforts on the three sea strait regions. (See
Chapter 4: "Annotated Bibliography).

1.2 Areas of Interest

All the three sea straits named for study have one conspicuous
aspect in common: they are the principal passages of the Tsushima
Warm Current.

The Tsushima Warm Current enters into the Sea of Japan from the
East China Sea through the Tsushima Strait. After flowing into the
Sea of Japan and subsequently moving northward along the northwestern
coast of Honshu (the main island of Japan), the Tsushima Warm Current
discharges much of its transport into the Pacific Ocean through the
Tsugaru Strait and the renainder into the Sea of Okhotsk through the
Soya Strait.

1-4



Figures 1-2(A), (j3) and (C) present the boundary of the areas
of interest eployed in this report. Because of the dcminant role
of the Tsushima Warm Current in characterizLng the dynamics in the
sea straits under study, it was necessary to consider (1) upstream
region, (2) channel reqion, and (3) downstream region for each area
of interest. Thus, involved in this study are four distinct bodies
of water: East China Sea, Sea of Japan, Sea of Okhotsk, and Pacific
Ocean.

In the Tsushima Strait (Figure 1-2(A)), the boundary extends to
the southern tip of Naqasaki Prefecture of Japan and Yosu of the
Republic of Korea in the East China Sea, and to the eastern tip of
Shimane Prefecture of Japan and Pohanq of the Republic of Korea in
the Sea of Japan.

In the Tsugaru Strait (Figure 1-2(B)), the boundary extends to
Cape Nyudozaki on the south and Okushiri Island on the north in the
Sea of Japan, and to Cape Erimo Misaki on the north and Kuj i on the
south in the Pacific Ocean.

In the Soya Strait (Figure 1-2(C)), the boundary on the Japan Sea
side extends between Rumoye of Hokkaido and Nevel'sk of Sakhalin, and
on the Sea of Okhotsk side between Cape Shiretoko of Hokkaido and Cape
Aniva of Sakhalin.

In this report the following uniform terminology is employed.

Tru.hima Strait - Both the Koreans and Russians use the term
"Korea Strait", whereas the Japanese tend to distinguish the west
channel as "Korea Strait" and the east channel as "Tsushima Strait."
In this report, "Tsushima Strait" is used to include both channels.

Soya Strait - The term "Soya" is a Japanese word, whereas the
term "La Perouse" is as widely used, especially by the Russians.
John Bartholonew's "Advanced Atlas of Mcxiern Geography" uses the
former, while the National Geographic Society's "Atlas of the World"
uses the latter. In this report, a term "Soya Strait" is employed.

Sea of Japan - Whereas the Koreans still preper a term "Eastern
Sea", the term "Sea of Japan" has gained a doninant popularity in the
international cczmmity. This term is also used by Defense Intelligence
Agency DIAM 65-18 (Geopolitical Data EleTents and Related Features).
In this report, a term "Sea of Japan" is employed.

1-5
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1.3 Principal Data Co-lectors

Table i-i summari.,es oceancgraphic data collectors in Japan and
Korea and the range of oceanxgraphic data types being studied by these
agencies. The data type of particular interest to this study is the
serial oceanographic data. Serial observations are usually conducted
on an established schedule along fixed survey tracks, and usually such
parameters as sea water temperature, salinity, D.O., nutrient salts,
and p.H. are measured at standard depths. Also, a GEK measurement of
surface current is becoming a routine practice in the serial obser-
vations in Japan.

The agencies which account for significant amounts of serial
oceanographic data relating to sea straits are summarized in Table 1-2.
These are:

Japan Hydrocraphic Office, Maritime Safety Agency,
Ministry of Transport, with its headquarters in
Tokyo and a total of 11 regional offices, of
which 5 (plus the headquarters) operate in the
vicinity of sea straits.

Japan Fisheries Agency, Ministry of Agriculture,
Forestry and Fisheries, with its 7 regional
Fisheries Research Laboratories, of which 4
operate in the vicinity of sea straits.

Japan Meteorological A~ency, with 4 Marine
Meteorological Observatories, of which 3
(plus the headquarters) operate in the
vicinity of sea straits.

Prefectural Fisheries Experiment Stations, of
which 11 stations operate in the vicinity of
sea straits.

Korea Fisheries Researcii and Development Agency.
with its headquarters in Busan and a total of
8 branch offices. Only the headquarters is
associated with serial oceanographic observa-
tions, its jurisdiction covering the Yellow
Sea and the Sea of Japan.

Korea Hydroqraphic Office, Ministry of Transport.
The KHO is responsible for serial observations
in the vicinity of the Tsushima Strait (along
Lines 200 series).

Fbr locations of various place names, see Figure 1-3.
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Typical cruise tracks of these agencies are shown in Figures 1-4,
1-5, 1-6, and 1-7. Table 1-3 lists coordinates of the serial stations
under KFRDA and KHO. -able 1-4 lists major oceanographic survey
vessels belonging to these agencies.

Table 1-5 canpares the cunmlative amount of serial observational
stations which were occupied by various nations in the Pacific Ocean,
or. the basis of the data file at the Japan Oceanographic Data Center
to October, 1973. This indicates that Japan accounted for more than
a half (58%) of the data in the entire Pacific basin. The U.S.A., at
24%, was the second most data collecting nation in the region. Korea
accounted for about 2%- Among the three governmnet agencies in Japan,
the JHO ranked first with the JM second and the JHO third.

The inortance of the Japanese contribution in terms of serial
observational data collection is even more daminant in the adjacent
seas of Japan, as seen in able 1-6. Here, Japan accounted for about
88% of the total; the U.S.S.R. ranked second with about 4% followed
by the Republic of Korea with about 3%. The contribution by the
U.S.A. in the adjacent seas of Japan was about 2.6%.

In terms of GEX measurements of ocean currents (see Table 1-7),
approximately 6,000 measurements annually were taking place in recent
years, with the JHO heading the list with about 50%, followed by the
JMA with about 24% and the JFA with about 15%. The JHO, due to its
strong interest in navigational safety, has traditionally stressed
current measurements in its oceanographic data collection efforts.

The JMA, on the other hand, is interested in a broad range of
physical parameters. Whereas the serial observations by the JHO
stressed mainly sea water temperature, salinity and currents, the
JMA's data included additionally, D.O., nutrient salts such as
Phosphate-P, Silicate-Si, Nitrate-N, and p.H., and marine weathers.
The JFA's serial observations included plankton and fish samples in
addition to tenperature and salinity.

In Korea, the serial observational lines are divided into three
groups consisting of the 100 series (102 through 107, in the Sea of
Japan), the 200 series (203 through 209, in the southern sea) and the
300 series (306 through 314, in the Yellow Sea). While the Fisheries
Research and Development Agency (FRDA) is in charge of the 100 and
200 series, respectively, in the Sea of Japan and the Yellow Sea,
the Hydrographic Office is responsible for the 200 series which
include the Tsushima Strait. Line 207, which is located astride
the Tsushima Strait, is the oldest of all the serial lines, with
its data dating back to 1922.
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TABLE I-5

SUMMARY OF SERIAL OBSERVXTICNI, S TrAI'IONS

BY (.:UTP"Y IN TLiE I 'A El X'AN

NUMBER OF OBSERVED
STATIONS YEAR

09 Australia 6,256 1938 - 68

18 canada 7,790 1927 - 67

20 Chile 513 1948 - 68

24 Korea,Rep. of 3,566 1930,1965-71

31 U.S.A. 40,760 1928 - 70

35 France 549 1949 - 69

42 Indonesia 528 1949 - 71

64 Netherlands 523 1929 - 30

65 Peru 2,017 1961 - 66

74 United Kingdom 1,043 1930 - 71

86 Thailand 1,195 1956 - 69

90 U.S.S.R. 5,223 1925 - 71

(*) Others 2,340

Sub-Total 72,299

49 Japan

JHO 22,533 1923 - 73

JMA 27,340 1947 - 72

JFA 46,126 1933 - 71

Univ. 3,703 1935 - 71

Sub-Total 99,702

TOTAL 172,001

SOURCE: JODC Serial Observational Data File to October, 1973
(*) All other countries with less than 500 total observed stations are

grouped here, including Germny (24 stations),China(354),Colcmbia
(151), Deruark(251),Ecuador(434),India(12),Mexico(50),Norway(l),New
Caledonia(391),New Zealand(263),Philippines(196),Swden(62),Yogoslavia
(i),and Malaysia (150).
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TABLE I-6

SUWAARY OF SERIAL CCEA N(-JxRAPHIC

OBSERVATION'l S'71AT IONS

(Adjacent Seas of Japan)

COYUTRY NUM3ER OF
CODE COUMTRY STATIC'S OBSERVED YEAR

06 Germany 19 1907
09 Australia 19 1964, 1967
21 China 354 1962-1963, 1965-1969
24 Korea 3,565 1930-1934, 1965-1971
26 Denmark 77 1929, 1951
31 U.S.A. 2,820 1929, 1946-1947, 1955-1970
35 France 44 1956, 1965, 1967
42 Indonesia 266 1949, 1956-1957, 1967, 19-1
o4 Netherlands 158 1929-1930
66 Philippines 199 1968-1969
74 United Kingdom 610 1951-1952, 1965-1971
77 Sweden 3 1948
86 Thailand 1,109 1956-1957, 1967-1969
90 U.S.S.R. 3,774 1925-1927, 1957-1962, 1965-1970
95 Yugoslavia 1 1959

Sub-total 13,018

49 Japan

JHO 21,342 1923-1924, 1927-1943, 1946-1972
JMA 26,301 1947-1972
JFA 44,343 1933-1944, 1947-1953, 1956, 1961

1963-1966, 1968, 1970-1971
UNIV. 1,553 1935-1939, 1954, 1056-1971

Sub-total 93,539

'TA L 6557

DATA SOURCE: JODC, TM CT. 1973
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TABLE 1-7: Sumary of GP2( STATIONS
(Adjacent Seas of Jipan)

NUMBER OF STATIONS

OBSERVED JAPAN U.S.S.R. TIXFAL

YEAR
JHm JMA JFA DA UNIV NHS

1953 86 0 0 0 0 0 86

1954 952 0 0 0 0 0 952

1955 1,851 74 0 0 0 0 1,925

1956 2,839 797 0 0 0 0 3,636

1957 2,620 1,434 0 0 4 0 4,058

1958 3,420 1,196 0 0 31 0 4,647

1959 2,908 1,136 0 0 0 0 4,044

1960 3,654 1,363 0 0 0 0 5,017

1961 3,317 1,516 0 0 0 0 4,833

1962 2,924 1,300 0 0 0 0 4,224

1963 2,910 1,505 0 0 0 0 4,415

1964 3,038 1,566 820 0 0 0 5,424

1965 3,222 1,694 563 0 31 0 5,510

1966 3,408 1,717 598 0 85 0 5,868

1967 2,976 1,764 753 0 158 0 5,651

1968 3,126 1,057 704 0 140 123 5,150

1969 3,232 1,427 633 0 15 17 5,324

1970 3,056 1,726 73] 95 58 0 5,666

1971 3,368 1,666 1,256 40 52 0 6,382

1972 3,205 1,519 1,244 34 139 0 6,141

1973 3,888 1,429 897 88 171 0 6,473

1974 3,311 1,174 612 482 241 0 5,820

1975 3,374 1,312 943 360 178 0 6,167

1976 3,361 1,253 986 574 172 0 6,346

1977 3,017 1,464 927 661 0 0 6,069

TOAL 73,123 31,089 11,667 2,334 1,475 140 119,828

DATA SCLURCE: JODC GEK FILE, 1955-1977
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Serial data observations by the universities are oriented toward
specific research objectives at the tine of cruise, and their locations
aru variable from time to tiue. The universities do not routinely
participate in a coordinate cruise schedule of the government agencies,
and the number of stations they occupy is quite limited.

Japanese oceanographic data are known for high degree of accuracy.
As early as 1936, a detailed instruction manual on oceanographic data
acquisition "Kaiyo Kansoku -ho" (Methods in Oceanographic Observations)
was published by the Imperial Marine Observatory at Kobe. The manual
was revised in 1955 as "Kaiyo Kansoku Shishin" (Guidelines for Oceano-
graphic Observations) under the sponsorship of the Japan Oceanographical
Society, and again in 1970.

While the determination of salinity and chlorinity prior to 1960
was carried out by means of the Nansen bottle, use of salincmeter
has spread rapidly among the data collectors since 1960 when Umitaka
Maru of the Tokyo University of Fisheries employed the instrunent
for the first time on her cruise to the Indian Ocean. Today, an STD
and BT are standard equipment of the survey ships of all the major
data collectors in Japan. Accuracy of oceanographic data taken by
Korean oceanographers improved by leaps and bounds since mid-1960
when they ccmenced active international cooperation with the CSK
program.
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1.4 Tide and Tidal Currents

As already ;hown in Table 1-1, tide rmeaurements are the respon-
sibility being shared by various agencies dedicated to different
institutional objectives in Japan and Koroa. In Japan, as of 1980,
there were a total of 179 standard tide stations, of which 56
stations belonged to the JMA, 49 to the Ports and Harbors Bureau,
25 each to the JHC and the Geographical Institute, 22 to the Hokkaido
Development Agency, and 2 to the Okinawa Development Agency. Mbst
(64%) of the JMA tide stations were capable of telemetry data
transmission, whereas none of the JHO stations had this capability.

Figure 1-8 summarizes the tide stations adjacent to the sea
straits in Japan.

On the other hand, measurement of tidal currents is primarily
the responsibility of the Hydrographic Office in Japan, whereas some
measurements are also conducted by the Ports and Harbors Bureau, the
Hokkaido and Okinawa Development Agencies (see Figure 1-9(A), (B)).
Of the three sea straits which are of interest to this study, tidal
currents have been most intensely measured and studied in the East
Channel of the Tsushim Strait and its vicinity by the Japanese
agencies; measurements at the Tsugaru Strait have been relatively
sparse; and there has been relatively few measurements close to the
Soya Strait.

Table 1-8 summarizes historical tidal current measurements
adjacent to sea straits by the JHO and other government agencies in
Japan.

In Korea, a total of 16 primary tide stations are maintained
by the Korea Hydrographic Office. Figure 1-10 shows their locations.
Table 1-9 shows the locations and the duration of the primary tide
observations of these stations. Data being collected includes
hourly heights, times and heights of daily high and low waters,
and daily mean sea level. Daily mean sea level and highest and
lowest heights for each month at selected stations are published
annually in the Technical Reports of the KHO. Additionally, short-
term tide observations have been conducted at secondary stations for
the purpose of obtaining M2, S2, 01 and K1 constituents. Since
1955, more than 100 secondary stations have been occupied by the KHO.

Tidal current measurements were carried out by the KHO at about
20 locations between 1955 and 1980, the results being published in
the Technical Reports. Table 1-10 surmrizes the historical tidal
current measurements by the Korea Hydrographic Office.
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Figure 1-8(B). Tide stations adjacent to Tsugaru
and Soya Strait.

1-33



o1-1



MUG

Figure 1-9(B). Tidal current stations by ron-ocearKographic
services.
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TABLE 1-9. Strwary of primary tide stations under
Korea Hydrographic Office.

PRIMARY LATITUDE LONGITUDE START DATE
STATION

SOC3CM* 38 0 12'15"N 128 035'47"E 1.11.1973

ULUJNGDO 37 29 36 130 54 50 17. 8.1965

M4JGHO* 37 32 51 129 07 07 1. 1.1966
PCHANG* 36 01 04 129 23 57 1. 2.1971

U * 35 30 44 129 23 13 1. 1.1965

BUSAN* 35 05 35 129 02 15 1. 1.1961

CHINHAE 35 08 36 128 38 48 1. 1.1960

GADEOGDO 35 01 18 128 48 47 1.12.1976

CHU* 34 49 28.5 128 48 47 31. 1.1976

YOSU* 34 44 39 127 46 05 1. 1.1966
JFJU* 33 33 51 126 31 50 1. 1.1964

SEO)GIPO 33 14 12 126 33 51 11.12.1979

DAEHEUGSANDO 34 41 05 125 26 45 1. 1.1970
MOGPO* 34 46 41 126 23 33 1. 1.1960

GUNSAN 35 59 25 126 42 46 1. 1.1972

GUNSAN 35 58 06 126 39 36 6. 2.1980

(outer Parbor)

I * 37 28 08 126 35 51 1. 1.1963

(*) Daily and monthly mean sea levels as well as monthly highest
and lowest heights of each year are given in the Technical
Report of Korea Hydrographic Office for respective years fron
1962. Source: Suk-Wox) Lee (Personal ccmmunication, 1981)
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TABLE 1-10. Suirnary of tidal current measurenents
by Korea Hydrographic Office.

TECHN.
AREA LONGITUDE LATITUDE PERIOD REPORT AUTHOR

NARODO 34004'N 127004'E 4-9,1978 1978

YEDSU 34 20 127 34 4-10,1977 1977

INCHEON 37 30 126 35 7-8,1977 1977

CHEUNGMU 34 44 128 00 8-9,1976 1976

BUSAN 35 05 129 07 1955-1960 1975 S.M. Hong

GADECBXSUDO 34 58 128 33 5-6,1975 1975 D.S. Kun

Y0ONGIL BAY 36 01 128 26 1971-1973 1973 D.G. Oh

GEBLBI-YEOLJX 37 00 126 10 5-7,1973 1973 D.G. Oh

ASAN BAY 37 24 126 34 4-9,1972 1972 Y.C. Gang

JANGJUGSUDO 34 23 125 58 5-8,1971 1971 Y.C. Gang

HOENGGAN SUDO 34 26 126 49 8-12,1970 1970 Y.C. Gang

YEONPEXNGDO 37 18 126 18 5-9,1969 1969 Y.C. Gang

YEOSU 34 43 127 46 5-8,1968 1968 S.M. Kim

YEOSU BAY 34 50 127 47 6,1967 1967 Y.C. Gang

SAMCHBONPO 34 55 128 00 9-12,1967 1967 S.M. Kim

GUNSAN 35 59 126 43 5-6,1966 1966 S.M. Kim

YIDO 36 04 126 30 5-6,1966 1966 Y.C. Gang

HUGSANDO 34 55 125 37 5-6,1965 1965 S.M. Hong

ri3GPO 34 55 126 18 4-6,1965 1965 S.W. Lee

PUSAN INCHO 37 18 126 27 1952-1960 1962 S.W. Lee
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Data on mean sea level and chart datum in Japan is handled by the
Japan Hydrographic Office. The data is reviewed and updated every
three years and published as JHO Pub. No. 741, titled:

"List of Mean Sea Levels and Chart Datums".

The latest edition was dated June, 1980. The mean sea level is an
average of hourly tide records. The chart datum is determined by
subtracting the sum of the amplitudes for M2, S2, K1 and 01 tides
from the mean sea level.

Usually, tide stations are tied to a first class bench mark of
the nationwide network, cut because of frequent seismic disturbances
and the unstable earth crust in Japan, a serious difficulty is en-
countered when one attempts to conpare mean sea levels at points far
apart fron each other. The leveling of the network of the first
class bench marks has been carried out several times since the
beginning of the century, but the surveys were sporadic and piecemeal,
so that the exact relationship between distant locations has not been
assured. The latest effort of leveling took place between 1963 and
1968, a reasonably short period of time, and covered much of the
country except for same substantial portion of northern and eastern
Hokkaido. Included in this leveling were the coasts facing the
Tsushima Strait and those facing the Tsugaru Strait both on Honshu
and Hokkaido. A large region adjacent to the Soya Strait was left
out in this survey. The leveling data was published in 1969 by the
Geographical Institute.
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1.5 Published Data Sources

There exist numerous data reports being published by various
central and local government agencies at various time intervals, plus
reports fron academc and research institutions both in Japan and
Korea. According to a recent tally by Japan Oceanographic Data
Center, about 20,000 oceanographic stations, 15,000 MBT and 8,000
current (GEK) data annually are being taken in Japan alone.

Table 1-11 shows the principal data sources which were used in
this study. Whereas all the sources named in Table 1-11 have been
reviewed for this study, most important of these data sources are the
annual data reports of serial observations being issued by governent
agencies as follows:

Japan Hydroaraphic Office (JHO):

"Data Report of Hydrographic Observations"

This report combines all the serial oceanographic and tide
data taken by the 11 regional Hydrographic Office branches
and a network of tide stations, including all the data
which has already appeared in the prompt reports from the
regional branches. A chronology of this publication and
its predecessors is listed in Table 1-12.

"Guide to CSK Data" (1978)

This report, compiled by the Kuroshio Data Center (KDC)/
Japan Oceanographic Data Center (JODC), gives a compre-
hensive data inventory of the CSK (Cooperative Study of
the Kuroshio) data during a period between 1965 and 1977.
It contains a ccmlete tally of data acquisition
activities and ship tracks for all the CSK cruises.

Japan Fisheries Acency (JFA):

"Results of Fisheries Oceanographic Observations"

This report summarizes all the annual data collected by
JFA's 8 regional Fisheries Research Laboratories, plus
the data collected by all the prefectural, imunicipal and
local Fisheries Experiment Stations. A chronology of
this report is listed in Table 1-13.
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Japan Meteorological Agency (JMA):

"Results of Marine Meteorological and Oceanographical
Observations"

This report sunmiarizes all the data taken by JMA's 4
regional Marine Meteorological Observatories (Kobe,
Hakodate, Nagasaki, and Maizuru), and supercedes all
the regional Data Reports and Pranpt Reports. A
chronology of this publication is listed in Table 1-14.

Korean Fisheries Research and Development Agency (FRDA):

"Annual Report of Oceanographic Observations"

This report sumnarizes all the data taken jointly by
the Korean Fisheries Research and Development Agency
and the Korean Hydrographic Office (XHO) along the
fixed sectional survey lines which are being occupied
bimonthly. Its predecessor is "Annual Report of
Hydrographic Observations" (1954 - 63), the data
quality of which appears to be scmewhat inferior. A
chronology of this report is listed in Table 1-15.

Korea Hydroaraphic Office (KHO):

"Technical Reports"

This report contains serial data obtained by KWO along
the 200-series lines.

The following two agencies have canpiled comprehensive atlases
of oceanographic data:

Japan Oceanographic Data Center (JODC):

"Marine Environmental Atlas: Northwestern Pacific Ocean I,"
(1975).

This atlas presents statistical means, maximum and minimm
values, and standard deviations of the serial observation
data over a period of almost 70 years between the early
1900's and 1971, totaling approximately 110,000 data points.

"Marine Environmental Atlas: Northwestern Pacific Ocean II,"
(1978).

This atlas gives a finer breakdown of geographical areas
on monthly and seasonal basis. Detailed presentation for
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the Adjacent Seas of Japan (1200 - 150°E, 240 - 46.50 N)
and monthly statistics for selected 1-degree square areas
(including Tsushima, Tsugaru and Soya Straits) proved
particularly useful for this study.

"Marine Enviroruental Atlas: Currents - Adjacent Seas of
Japan" (1979).

This atlas cinpiles a total of approximately 110,000 GEK
data points between 1953 and 1977 into a series of
statistical values by the whole period and by seasons.

Korea Ocean Research and Development Institute (KORDI):

"Oceanographic Atlas of Korean Waters, Vol. 1: Temperature
Structure.

This report provides ccmprehensive plottings of temperature
data on the basis of the sectional surveys which mainly
took place between 1961 and 1975, and same dating back to
1922. It gives a particularly detailed presentation of
data along Lines 207 and 208 which traverse the Tsushima
Strait West Channel and a downstream area, respectively.

Additionally, for the purpose of assisting in this study, the
JODC has kindly provided ccputer runs on its data base to prepare
vertical suamary statistics of temperature and salinity at a 1-degree
resolution and GEX statistics at 15-minute resolution for the most
part of the Adjacent Seas of Japan including the three sea straits
under study for this report.

Although the subjects of marine sediment and marine geology are
outside the scope of the present study, the extent of existing data
sources is outlined as follows:

Principal agencies in Japan with active interest in marine
sediment and geology are: Japan Hydrographic Office, Japan Geological
Survey, Geographical Institute, and universities (particularly Ocean
Research Institute of the University of Tokyo). Of these agencies,
the interest of the Geographical Institute is lnited to the coastal
and nearsore zones.

The Japan Hydrographic Office publishes three map series relating
to marine sediment and geology, plus special publications containing
in-depth studies. A complete list of these publications is available
in:

"Catalogue of Charts and Publications", J11 Pub. No. 900,
revised October, 1979.
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The map series consist of the following publications:

"Basic Maps of the Sea in Continental Shelf Areas"
(scale 1: 200,000):

1. Bathymetric charts
2. Submarine structural charts
3. Total magnetic intensity charts
4. Gravity anomaly charts

Of a total of 77 basic maps of this series planned around Japan,
54 were completed and published between 1970 and 1979. The published
maps cover all the three sea straits under study in this report.

"Basic Maps of the Sea in Coastal Waters"
(scale 1: 50,000)

These maps consist of bathymetric charts and submarine structural
charts with greater emphasis on local details than the continental
shelf series. Most of the surveys for these maps were initiated since
1971, and approximately 50% of the work was completed for publication
by 1979.

'Basic Maps of the Sea"
(scale 1: 3,000,000)

Bathymetric charts showing the entire Adjacent Seas of Japan in a
set of four maps.

Of the various special publications by the JHO, those which are
relevant to the sea straits under study in this report are the following
two volumes:

Nagano, M., M. Sakurai, M. Uchida, K. Ikeda, H. Taguchi and
T. mori, 1974. Submarine Geology off Northeast Coast of
Hokkaido District. Report of Hydrographic Researches,
JHO, No. 9, 31 p. (Japanese with English abstract; out of
print).

Sakurai, M., M. Nagano, T. Nagai, T. Katsura, M. Tozawa, and
K. Ikeda, 1975. Submarine Geology off the South Coast of
Hokkaido. Report of Hydrographic Researches, JHO, No. 10,
37 p. (Japanese with English abstract; out of print).

Various articles relating to marine sediment, sand waves and
marine geology appear in the JHO Hydrographic Bulletin fron time to
time.

Any inquiries relating to the J11 data on marine sediment and
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geology may be directed to:

Dr. Akio Mogi
Director, Ocean Survey Section
Japan Hydrographic Office
Maritime Safety Agency
3-1, 5-Ckom, Tsukiji
Chuo-Ku, Tokyo 104
Japan

The Japan Geological Survey has two publication series which
deal with marine geology: Marine Geological Map Series and Cruise
Reports.

"Marine Geology Map Series"

As of 1981, a total of 15 sets of this series have been published,
of which 9 sets are in scale 1: 200,000 and 6 in scale 1: 1,000,000.
Each set generally consists of different combinations of maps displaying
surface sediment types, textures, composition of coarse fraction (0.5
am), mud content, grain size histograms, phi median values, sorting
coefficients, bottom features, geological structures, magnetic anomalies,
free-air gravity anomalies, Bouguer gravity anomalies, etc.

"Cruise Reports"

The Japan Geological Survey embarked on a 5-year program in 1974
aiming to investigate mineral sources on the sea floor surround Japan
and in the distant seas. As of 1981, a total of 15 cruise reports have
been published with two more in press. The cruises, conducted by the
the Survey's Hakurei Maru, generally carry out the following ,arveys:

Geophysical Methods:

O Bathymetric survey by 12 kHz PDR
o Subbottom profiling by 3.5 kHz PDR
o Continuous seismic profiling by air gun and sparker
o Refraction measurements by sono-radio buoy
o Magnetic survey by proton magnetmeter
o Gravity measurements by on-board gravimeter
o Surficial current measurement by GEK

Geo lo i ca I Me t hods:

o Bottom sampling by chain-bag and cylinder dredges
o Bottom sampling by rock corer
o Bottom sampling by piston corer with 6 m core barrel
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Among the published cruise reports relevant to the sea straits
under study in this report are:

Cruise Report No. 2: Geological Inve. tigation of Goto Nada
and Tsushima Strait, 1972-73.

Cruise Report No. 6: Geological Investigation of Ryukyu Island
(Nansei Shoto) Arc, 1975.

Cruise Report No.10: Geological Investigation of the Northern
Margin of the Okinawa Trough and the
Western Margin of the Japan Sea, 1977.

Cruise Report No.11: Geological Investigation of the Okhotsk
and Japan Seas off Hokkaido, 1977.

Cruise Report No.13: Geological Investigation of the Japan
Sea, 1978.

Any further inquiries regarding the sediment and geological data
by the Japan Geological Survey may be directed to:

Dr. Atsuyuki Mizuno
Director, Marine Geology Department
Japan Geological Survey
1-1-3 Higashi, Yatabe, Ibaraki 305
Japan

The University of Tokyo's Ocean Research Institute, founded in 1962,
serves as a joint research arm for oceanographic departments of various
universities in Japan. The Institute operates two survey/research ships:
Taisei Maru (257 Gr) and Hakuho Maru (3,200 GT). The Institute has three
research departments dealing with the ocean floor: Geophysics, Marine
Sediment, and Tectonics Departments. Whereas the researchers publish
their papers in the journals of individual choice, the Institute publishes
its own bulletin (unscheduled) and preliminary cruise reports. Any
inquiries may be addressed to:

Dr. Noriyuki Nasu
Director
Ocean Research Institute
University of Tkyo
15-1, l-Chome, Minami-Dai
Nakano-Ku, Tokyo 164
Japan

1-47



z -

-4- C> 0

r 'IT 'r OD 03 0 0 1

IL I III f
a, O , 

'o r-- -4

0.

I-

LUU
crH

w

0. 0

>- w

* *a:****
o V)i

H

-4.t 41 .1 0 00

0) 4J- L4 -

a. 41 0 0

u 04 4 -4

Ig u
ru~ Q W oU, L

'4E, JU 0) 0 U )

0 0w
0

1-48



a, 10 00r 0 In4~
w r 1~0 No c 0 n1

a,0 ON (1 a, (1 a %a
M0 C N 0i

'0 in'

I--

w u

w

>- ***

< Xa

a x

co,

co U3

t to
Cto 40) 03-4

4- -Ao t:O. ~~o Ob - u
o~t 0S i )C -

a. Q)

4T ;L L4 l
LU~~ 44 4-)4Q (

000I

41- 4.-49



0 8 11I

LA) LA C' LA
ON 0'ON C

a.a

- (0-

w r

>-

-J w .4-

w~ 0

5w CC

Q t 'I t 5

&.0 04

C J) .1 'srl 4
IL 4(0 U

0~j

a:Q:

xJ~ 0

005



u 0 0r

I-

w

w 0

a-. X t

I--

4

cc> W ** * *0
uU)

C) 0

4-4 44 00
I-0 4J 4

o4 14 to

'o ~0 CD

Q) L) I. U C. 'Ur Qc

Z00

1-51



TABLE 1-12. Chronology of JHO data reports on serial
observations.

DATA YEAR DATA REPORT REPORT YEAR

PRE-WAR PERIOD:

1923 - 1929 Oceanographic Bulletin No. 3 1948
1930 - 1931 It 6 1949

1931 - 1935 Hydrographic Bull., Special No. 6 1950
1935 - 1938 It IL 8 1951

1938 - 1941 .. 9 1952

1938 - 1940 It 13 1954

1939 - 1941 It 16 1955

1931 - 1941 Hydrographic Bulletin No.69 1962
1941 '1 71 1962
1942 74 1963
1943 Data Report of Hydrographic

Observations, Series of
Oceanography No. 2 1966

1944 6 1968

POST-WAR PERIOD:

1946 Oceanographic Bulletin No. 1 1947
1946 it 4 1949

1946 - 1948 Hydrographic Bull., Special No.10 1953
1947 Oceanographic Bulletin No. 5 1949
1948 Hydrographic Bull., Special No. 5 1950
1949 Hydrographic Bulletin No.14 1949
1949 .... 15 1949
1949 ... 16 1950
1949 Hydrographic Bull., Special No. 7 1950
1950 .... 14 1954
1951 . if 15 1954

1952 - 1953 Hydrographic Bulletin No.51 1956
1954 - 1955 58 1959

1956 62 1959
1957 64 1960
1958 66 1961
1959 68 1961
1960 75 1964
1961 77 1964

(To Continue)
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TABLE 1-12. Chronology of JHO data reports on serial
observations (Continued).

DATA YEAR DATA REPORT REPORT YEAR

1962 Data Report of Hydrograph ic
Observations, Series of
Oceanography No. 1 1965

1963 I 3 1966
1964 4 1967
1965 5 1967
1966 7 1968
1967 8 1970
1968 9 1970
1969 10 1973
1970 11 1974

1 9 7 1 ..
1972 ... 12 1975
1973 ... 13 1976
1974 .. 14 1977
1975 ... 15 1978
1976 ... 16 1979

15
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TABLE 1-13. Chronology of JFA data reports on
serial observations.

"The Results of Fisheries Oceanographical
Observations"

DATA YEAR REPORT YEAR

1951 1969
952 1970

1963 1966
1964 1967
1965 1968

1966 1969
1967 1970
1968 1971
1969 1972
1970 1973

1971 1974
1972 1976
1973 1978
1974 1979
1975 1980
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TABLE 1-14. Chronology of JMA data reports on
serial observations.

"Results of Marine Meteorological and Occanographical
Observations"

VOLUME No. DATA YEAR REPORT YEAR

12 1950 - 55 1955

13 1950 - 53 1955
14 1954 1955
15 1954 1956

16 1955 1956
17 1955 1957
18 1955 1957
19 1956 1957
20 1956 1958

21 1957 1958
22 1957 1959
23 1958 1959
24 1958 1960
25 1959 1960

26 1959 1961
27 1960 1961
28 1960 1962
29 1961 1962
30 1961 1963

31 1962 1963
32 1962 1964
33 1963 1964
34 1963 1965
35 1964 1965

36 1964 1966
37 1965 1966
38 1965 1967
39 1966 1967
40 1966 1968
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TABLE 1-14. Chronology of JMA data reports on
serial observations (Cont d).

"Results of Marine Meteorological and Oceanographical
Observations"

VOLUME No. DATA YEAR REPORT YEAR

41 1967 1968
42 1967 1969
43 1968 1969
44 1968 1970
45 1969 1970

46 1969 1971
47 1970 1971
48 1970 1972
49 1971 1972
50 1971 1973

51 1972 1973
52 1972 1974
53 1973 1974
54 1973 1975
55 1974 1975

56 1974 1976
57 1975 1977
58 1975 1977
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TABLE 1-15: Chronology of .erial observational
data reports in Korea.

REPORT

DATA YEAR DATA REPORTS YEAR

Report of Oceanographic Investigations
Imperial Fislries Institute

(Japan)

Apr-Jun, 1922 No. 17,31 1922

Jul-Sep, 1922 No. 18,31 1922

Oct-Dec, 1922 No. 19,33 1923

Jan-Mar, 1923 No. 20,27-30 1923

Apr-Jun, 1923 No. 21,31 1923

Jul-Sep, 1923 No. 22,28 1923

Oct-Dec, 1923 No. 23,31 1924

Jan-Mar, 1924 No. 24,23 1924

Apr-Jun, 1924 No. 25,32 1924

Jul-Sep, 1924 No. 26,35 1924

Oct-Dec, 1924 No. 27,30 1925

Jan-Mar, 1925 No. 28,17 1925

Apr-Jun, 1925 No. 29,25 1925

Jul-Sep, 1925 No. 30,20 1925

Oct-Dec, 1925 No. 31,19 1925

Oceanographic Charts

Fisheries xrperiment Station
(Korea)

1926 1927

1927 1928

1928 1930

1929 1930

1930 1931

1931 1932

1932 1933

1933 1934

(To Continue)
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TABLE 1-15: (Cont'd) Chronology of serial observational
data reports in Korea.

REPORT
DATA YEAR DATA REPORTS YEAR

1934 - 1935

1935 - 1936

1936 - 1937

1937 - 1938

1938 - 1939

1939 - 1940

1940 - 1941

1941 - 1942

Annual Report of Hydrographic

Observations
Central Fisheries Experiment Station

(Korea)

1952-53 Vol. 1-2 1954

1954 Vol. 3 1956

1955 Vol. 4 1958

1956-57 Vol. 5-6 1961

1958 Vol. 7 1962

1959 Vol. 8 1963

Annual Report of Oceanographic
Observations

Fisheries Research

and Development Agency (FRDA)

1960 Vol. 9 1964

1961 Vol. 10 1964

1962 Vol. 11 1964

1963 Vol. 12 1965

1964 Vol. 13 1965

1965 Vol. 14 1967

(ONTINUED)
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TABLE 1-15: (Cont'd) Chronoloqy of :er ial observat ionl
data reports in Korea.

REPORT

DATA YEAR DATA REPORTS RER
YEAR

1966 Vol. 15 1967

1967 Vol. 16 1968

1968 Vol. 17 1969

1969 Vol. 18 1970

1970 Vol. 19 1971

1971 Vol. 20 1972

1972 Vol. 21 1973
1973 Vol. 22 1974

1974 Vol. 23 1975

1975 Vol. 24 1976

1976 Vol. 25 1977

1977 Vol. 26 1978

1978 Vol. 27 1979

Technical Report
Korea Jybv'ap:' o

1967 pp. 41 - 59 1968

1968 48 - 49 1969

1969 16 - 41 1Q7()

1970 17 - 18 IV7]

1971 91 - 1 1972

1972 82 - 95 lqTI

1973-74 148 - 207 1q7%

1975 220 - 221 P7,
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2. HISTORY AND STATUS OF OCEANOGRAPHIC
DATA CO-LEION

2.1 Historical Perspective

Table 2-1: "Key Oceanographic Events Relating to Straits Around
Japan and the Adjacent Waters", sunmarizes major chronological events
relating to the principal data collecting agencies and their data
collection efforts. The listed events focus on the Tsushima, Tsugaru
and Soya Straits, but some relevant descriptions are also given on
the adjacent regions including the East China Sea, the Sea of Japan,
and the Sea of Okhotsk.

The historical developments listed in Table 2-1 may be viewed in
three successive eras:

Pre-WW II Era (c. 1900-1945):

This era covers some 80 years fran the late 19th century when
Japan's first institutionalized oceanographic service, Hydrographic
Office, was founded (1871), to the end of World War II in 1945.
During this period, Japan's oceanographic capabilities took on basic
institutional character consisting of three key government services
(Hydrographic Office, Fisheries Research Laboratory, and Marine
Observatories) and an acadenic ccmnmnity. Japan also dominated
oceanographic activities in Korea during this era. During
World War II, oceanographic studies in the adjacent seas of Japan
ceased for all practical purposes as the survey vessels were
mobilized for war duties away from home waters. The war decimated
Japan's oceanographic capability both in materiel and personnel.

Most important data collection activity by Japanese oceano-
graphers during this era took place during 1928-1930 when the Kobe
Marine Observatory's Shump Maru cruised the Sea of Japan, and again
in 1932-37 when the Imperial Fisheries Laboratory's Soyo Maru I and
same 50 participating vessels conducted a simuitaneous survey of
the Sea of Japan, the Yellow Sea and the East China Sea.

Research on Tsushina Strait probably began with H. Hori's
measuranents of temperature and density in the West Channel in 1912.
His 6tudy, covering sectional data at five stations in the study
area, was published in:

Hori, 11., 1913. "Oceanographic Investigation of Broughton
Strait Made by the Imperial Fisheries Institute
Steamer Hayatori Maru." Report of ,Ll.,rial Fish2Liu:
Institute Scientific Investigatioi-, 3, 6Z-66.
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TABLE 2-1.

KEY OCKTANWRAIIIC IVII'S R]ELATING TO

STRAITS AROUND JAIAN NjD 'liE ADDACENT W AIIRS

YEAR EVENTS

1867 U.S.S. "Wachusett" surveys approaches to the "Daedong
River."

1871 Hydrographic Office is inaugurated within Japanese
Navy.

1873 Russian oceanographer L.V. Schrenk identifies "Tsushima
Current" in his work:

Stroemungsverhaeltnisse im Ochotskischen und
Japanischen Meere und in den zunaechst
angrenzenden Gewaessern, Memoires de l'Acad.
d. Sc., St. Petersbourg, 1873.

1876 Japan's Hydrographic Office begins bathymetric and tidal
surveys around Korea and Tsushima Strait.

1888 First oceanographic study of East China Sea, Japan Sea
and Okhotsk Sea is carried out by Russian R.V. "Vitiaz I"
(Captain S.I. Makaroff). The vessel stayed all year in
1888 in East China Sea and Japan Sea occupying 90
stations (7 of them in Tsushjma Strait) and measuring
temperature and density at the surface, 25-, 50-, 75-,
100-, 150- and 200- meters. Data as well as analysis
of annual SST variation for 1-degree square resolution
in Tsushima Strait, based on 220 data points, are included
in:

Makaroff, S.I., 1894. Le "Vitiaz" et l'Ocean
Pacifique. 2 vols., St. Petersbourg.

1893 Dr. Y. Wada conducts Japan's first drift Lottle experi-
n nts in Kuroshio and Oyashio.

1893 N. Gunji conducts oceanographic expedition to the Kurile
Islands. le released drift Wuttle.:; nd cards to
investigate the pathway of Oyashio Current.

(Tui CONTINUE)
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TABLE 2-1.

KEY OChANOORA11IlC EVENTS I(EiA'1'J

STRAITS AROUND JAPAN AND 'Tl tjd)I NAN'j WA!'ill<

YEAR EVENTS

1893 Japan's first institutionalized fishery oceanography
center "Suisan Chosa-jo" (Fisheries Investigation Office)
is inaugurated.

1904 Japan inaugurates "Suisan Koshu-jo" ( mpcri.l:A iiuS
Institute), the precursor of imperial Fisheries l'xjx-lr-mnt
Station.

1908 Japan Hydrographic Office publishes the results of its
oceanographic surveys in Korean waters titled:

"Kankoku Suisanshi" (Fishery Bulletin
of Korea), No. 1

The publication lists spring and tidal ranges, charts,
description of Tsushima Warm Current, monthly SST
distribution at selected locations around Korean peninsula.

1910 Y. Wada publishes annual and monthly average sea water
temperature distributions in the Northwest Pacific Ocean.

1912 Japan's first temperature and density measurenents take
place in the Tsushima Strait, conducted by H. Hori of
Imperial Fisheries Institute (precursor of Iuperial
Fisheries Lxperiiment Station), during October and
November 1912 at 10-fathom intervals along a line
connecting Busan and Sasuna of Tsushima Island, which
approximately agrees with the present 207 Line.

Hori, H., 1913. Oceanographic investigation
of Broughton Strait (Tsushiira Strait- ikicde
by the liperial Fisheries Institute
Steamer "Iayatori Maru"', Rep. Imp. Fish.
inst., Scientific Envestigation, Vol. 3,
b2-6u.
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TABLE 2-1.

KEY OCEANOGRAPHIC EVENTS (CCWu1N1JL-])

YEAR EVENTS

1913 Japan's Yamaguchi Prefectural Fisheries Experiment Station
conducts hydrographic surveys at three stations along the
present 207 Lines (Tsushima West Channel), taking serial
measurements at 10-fathmn intervals - first sectional
serial surveys to take place in Tsushima Strait.

1913-17 Imperial Fisheries Institute (Japan) conducts extensive
drift bottle experiments for the purpose of mapping ocean
currents adjacent to Japan (principal investigator
Y. Wada). A total of 13,337 bottles were released and
2,990 recovered. The chart was exhibited in the 1916
'okyo Maritime Exposition, and was later included in
the posthumous book for Dr. Wada:

Kumada, T.(ed.), 1922. Accoimplishnents of
studies on ocean currents around Japan.

1914 S. Ogura of Japanese Hydrographic Office publishes first
tidal predictions around Korea and Japan, titled:

S. Ogura, 1914. Nippon Kirikai-no Choseki
(Tide in the Vicinity of Japan). Revised
in 1932.

This report was later revised into a more canprehensive
treatise of tide in the adjacent seas of Japan and
published in Hydrographic Bulletin No. 7, 1932. The new
edition, written in English, contained haronic constants
at a total of 704 locations.

1915 Fishery Department of the Governor-General of Korea
initiates systematic coastal water temperature measure-
ments (10-day intervals) through participation of local
fisheries cooperatives at 12 locations, at the surface,
intermediate and bottom layers. This program was later
partially taken cver by Central Fisheries Experiment
Station in the post-WW IT years till around 1959.

(TO CONTINUE)
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TABLE 2-1.

KEY OCEANOGIRAPHIC EVfLNIS (CONT INUI]9)

YEAR EVENTS

1915 T. Kitahara publishes theK- results of :;ct ional sur-veyS
for Tsushinia Strait:

T. Kitahara, 1915. On the Sectional Observation
of CGenkainada (East Channel) and Krusenstern
(West Channel) Strait, Rep. imp. Fish. Inst.,
Scientific Investigation, vol. 4, 40-43.

1916 Fishery Departinint of the Governor-General of Korea
initiates systeinatic SST iivasuriiuntS at coastal light-
house stations around Korea. Thie program beg,,an with 10
stations, which fluctuated variously over the years;
there were 40 stations in 1976. M~kdSI.rints were taken
around 10 A.M. daily or every two days. Ibata between
1916 and 1925 Were analyzed by K<. Nishida:

Nishida. K., 1926. On the surfoce temperature
aind specif ic gravity of the coastal waters
of Korea, l916-1925. Rep. Vishun ies ENperi-
ment Station, Oceanographic Inve,.;t igat ion.

1919 Fishery Departrunt of the Governor--General of lKorea
establishes six fixed sectional serial survey lines in
the Tsushiinu Strait and its adjacent vaters - to (Noiiiiience
regular sectional oceanographic surveys- wit h its re:;earch
vessel "Mi~sago Maru 1" (62 gross ton, laiunche-Kd 1917).
These lines were:

A Line: Kury( ngjx)-Ul lungdo-Wkdo (Ta keshi ii)
B Line: lBusan-Tsushinia
C Line: Busan-Shinonoseki
D Line: Cheju Strait
D Line: Chejudo-Goto Retto
E Line: Bikujido-Dachuksando

of which, B Line coinc-ided with the present 207 Lin(,.

(TO CONTINUE)



TABLE 2-1.

KEY OCFANOGRAPHIC EVENTS (CONTINUED)

YEAR EVENTS

Initially, the stations extended to no more than 50 miles
from the coast. The lines were gradually increased in
number to 7 in 1926, 11 in 1930 and 12 in 1935, and
accordingly more stations were added to extend to up to
100 miles fram the coast. In 1961, the Central Fisheries
Experiment Station of the South Korean government renamed
all the fixed stations with a total of 262 stations on
25 lines.

Data on these fixed stations have been published as
follows:

1922 through 1925: Report of Oceanographic
Investigation, Imperial Fisheries
Institute, vols. 17 through 31.

1926 through 1941: Oceanographic Charts,
Fisheries Experiment Station (Korea),
1927 through 1942.

1952 through 1959: Annual Report of Hydrographic
Observations, Central Fisheries Experiment
Station (Korea), 1954 through 1963.

1960 to date: Annual Report of Oceanographic

Observations, Fisheries Research and
Development Agency, 1964 to date; and
Technical Reports of Hydrographic Office
of Korea, 1964 to date.

1920 Imperial Marine Observatory is inaugurated at Kobe as the
central oceanographic services in Japan. Fashioned after

Germany's "Seewarte" in Hamburg, the observatory was given
dual functions: marine meteorology and physical oceano-
graphy. The Imperial Marine Observatory produced many
eminent oceanographers such as K. Hidaka, K. Suda, M. Uda
and T. Ichiye, to name a few. It remained the sole
imperial marine observatory till 1942 when another was
established at Hakodate. Today, this observatory is
called Kobe Marine Meteorological Observatory, one of four
regional oceanographic arms of JMA along with those at
Hakodate (est. 1942), Nagasaki (est. 1947), and Maizuru
(est. 1947).

(TO CONTINUE)

2-6



TABLE 2-1.

KEY OCEAN(XOGIIHIC LVI's (C( NT1NUlD)

YEAR EVENTS

1921 Fishery Departmnent of the Governot -General ot Kolr ,
evolves into Fisheries L-xp~rnmomt Stat ion (Korea),
located in Busan. Although 9 iore regional I isheri..
experiment stations were added by 1931, the 1.E.S. in
Busan re ained a principal organization t iL1 1945.
/iter Korea regained its independance in 194', F.L.S.
was renaried briefly as Central Fisheries Exper uiiunt Stion
(1946-62) and in 1963 becaine the present Fisheries iusearch
and Developiient Agency.

In Tsushima Strait,F.E.S. (Korea), beginninq Maky 1922,
continuously surveyed Line 207 (Line D) monthly or
bimonthly till 1941, then once to 5 times yearly for
1942 through 1951, and erratically till 1960. The whole
-;urvey program was reorganizea in 1961 into a pemnnent
network totaling 262 sectional stations on 25 lines.
There were 7 lines by 192b, 11 lines by 1930. With the
launching of "Misago Maru, II" (153 UP) in 1931, the
nuiai-r of sectional stations was increascd to 12 in
1935 with staue of thITI extending to 100 miles of fshire.

1922 Jdapan Hlydrographic Office publishes the, first issue l-I
"Suiro Yoho" (Hlydrographic Bulletin).

1928-30 Imnperial 1 Arine Observatory of Kobe conducts its I ir st
nujor study of Japan Sea using its own survey ve;seli
"Synpu Mdru I" (150 gross ton), launched 1927. This
study, participated by vessels from prefectural fisheries
experinment stations, was the precursor of "Issei Chosa"(suiultaneous investigations) , an approach which i; Lninq
used in increasing frequency in recent years in Japan.
The study, directed by K. Suda, K. Hidaka and M. Uda,
is also the first serious scientific probe into Japam
Sea by Japanese oceanographers. As a result of the -study,
the investigators suggested the possibility of three
brancls at th, extension of Tsushima Current in tht,
JapLin Se a. The results of this study became one ol t he
nst uportant contributions to oceanography in JaIpn
prior to the end of World War I:

(TO CONTINUE)
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TABLE 2-1.

KEY OCEANXAPHIC EVFM'S (CONTNUED)

YEAR EVENTS

1928-30 Suda, K. and K. Hidaka, 1930. The result of
(Cont'd) the oceanographic observation on board

"Syumnpu Maru" in the southern part of Japan
Sea in the sLnixer of 1928.

Part 1: Jour. Oceanography (Kaiyo Ji-o),
Imperial Mar. Obs., 2, 1-73.

Part 2: Jour. Oceanography (Kaiyo Jiho),
Imperial Mar. Obs., 2, 155-264.

Suda, K. and K. Hidaka, 1932. The results of
the oceanographical observations on board
R.M.S. "Syurrpu Maru in the southern part
of the Japan Sea in the suimer of 1929.

Part 1: Jour. Oceanography (Kaiyo Jiho),
Imperial Mar. Obs., 3(2), 291-375.

Suda, K. and K. Hidaka, 1932. Results of the
second oceanographical observation on board
R.M.S. "Syumpu Maru" in the southern part of
Japan Sea (July-September, 1929). Jour.
Oceanography (Kaiyo Jiho), 3(2), 329-330.

Suda, K., K. Hidaka, Y. Matsudaira, E. Kurashige,
H. Kawasaki, and T. Kubo, 1932. The results
of oceanographical observations on board
R.M.S. "Syurrpu Maru" in the principal part
of the Japan Sea in the sumner of 1930.
Jour. Oceanography (Kaiyo Jiho), 4(l), 38-40.

('"0 CONTTN'F)
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TABLE 2-1.

KEY OCEANX7RAaIC LEVE'SI (CXN'NUE1D)

YEAR EVENTS

1929 Imperial Fisheries Experiment Station is inauqurated in
Japan as the central fishery-oceanographic services,
located at Tsuki-jima, Tokyo. The advent of this organi-
zation, evolved from the Imperial Fisheries Institute,
completed the triad of Japanese oceanographic organizat ion:
Hydrographic Office, Imperial Marine Observatory and
Imperial Fisheries Experiment Station. In 1949, it
became a regional laboratory as Tokdi Fisheries Research
Laboratory. Today, there are a total of seven r(ional
fisheries research laboratories in Japan.

1931 Hydrographic Office of Japanese Navy conducts 24-houe
measuremnts with current meters at Tsugaru Strait. 'IThe
result is published in:

Suiro Yoho (Hydrographic Bulletin), Japin Iydro-
graphic Office, Vol. 11, No. 11, 1932.

1932-37 An ambitious "simultaneous oceanographic surv y" progxram
is conducted in Japan Sea, Yellow Sea and East China cea
by Imperial Fisheries Experiment Station nployinq it:;
research vessel "Soyo Maru I" (220 gros ton, ]aunclxW-
in 1925) along with somie fifty smll vessels frou variou;
prefectural fisheries experiment stations. This program
is considered the largest pre-WW II oceanographic progran
in Japan. Key results of the study are found in:

Uda, 4., 1934. The results of simultaneous oceano-
graphical investigations in the Japan Sea and
its adjacent waters in Nlay and June, 1932. Jour.
Lmp. Fish. Exp. Station, Vol. 5, 57-190.

Uda, M., 1934. Hydrographical studies based on
simultaneous oceanographical survey made in the
Japan Sea and its adjacent waters during May
and June, 1932. Rec. Ocean. Works in Japan,
1(1), 19-107.

(TO CONTINUF)
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TABLL-' 2-1.

KEY OCEANO(RAPHIC wEV ts (corNtNUs))

YEAR EVENTS

1932-37 Uda, M., 1936. Hydrographical studies based on
(Cont'd) simultaneous oceanographical survey made in

the Japan Sea and its adjacent waters during
Octo -anrT-Novixr, 1933. Jour. Imp. Fish.
Exp. Station, Vol. 7, 91-151.

1941 Japan Oceanographical Society is inaugurated.

1942 Hakodate Marine Meteorological Observatory is inaugurated,
and immediately begins oceanographic survey in Soya
Strait with its R/V Yushio Maru (150 gross ton). The
pre-war survey of Soya Strait by Yushio Maru is reported
as follows:

Report on Marine Observations in Soya Strait,
Hakodate Mar. Obs., Journal of Oceanography,

Vol. 1, 1944, 1-62.

Surface measurements from a ferry boat across
Soya Strait, 1942-1944, were reported in
Vul. 2, 1945, 54--83, of the above publication.

1941-45 Japanese Hydrographic Office conducts detailed measure-
ments of cu:rents at Tsushima and Tsugaru Straits, with
inconclusive results. Data remain unpublished to date.

1945 Japan Hydrographic Office becomes a civilian departi ent
within the Ministry of Transport. In 1948, it is in-
corporated into Maritime Safety Aqency.

1947 Marine Meteorological Observatory is inaugurated at
Nagasaki and Maizuru.

1947 Central Fisheries Experiment Station (Korea) resumes
oceanographic surveys at fixed stations 4 to 5 times
yearly using Pukhansan-ho (74 gross ton).

1949 Japan Fisheries Agency is inaugurated.

(TO CONTINUE)
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TABLE 2-1.

KEY OCEANQG8APHIC EVLJI'S (CONINU11.))

YEAR EVENTS

1951 Korean Hydrographic Office is inaugurate d within Navy
Departnent.

1952 Korea's Central Fisheries Experuirunt Station increascs
sectional survey lines to 12.

1953-57 Japan's Fisheries Agency conducts a 5-year I'su-,niiu Wian
Current Research and Development Program ('CICRDP) with
participation of both fishery and physical oceanoxJiaphic
communities. Key reports resulting from this progi an
art :

Uda, M., 1958. Relationships between oceina-
graphic conditions and fish catches in Jipin
Sea. Report rhJCRDP, Series 1, Vol. 1,
Chap. 1, 501-535.

Miyata, K., 1958. Characteristics of 'Fsu.;htin
Wann Current in Japan Sea. Report Th4(PJ)P,
Series 1, Vol. 2, Chap. 1, 147-152.

Kajiura, K., M. Tsuchiya, and K. Hidaka, 1958.
Analysis of oceanographic conditions in
Japa Sea. Report TWCRDP, Series 1, Vol. 2,
Chap. 3, 158-170.

Shiiuiura, T. ind K. Miyata, 1957. Ocean(xaphic
conditions and water masses in Ja n Sea, with
sp ,cial reference to conditions of sull'!
1955. Rep. Japan Sea Fish. Res. Lib., 6,
2 3-97.

1954* Japan initiates "Three agency Oceanographic Liaison
Comnttee, " to c(x)rdinate oceanographic survey works
among three key services: Hydrographic Office of Maritime
Safety Agency, Fisheries Research Laboratories of
Fisheries Agency, and Marine Observatories () Me.,teoro-
logical Agency (to be forinally inaugurated in 1Q56).
The committee later added other pirt icipdnt s ;uh :; the
oceanographic branch of Maritime Self-defense, Agency
and Marine science Counselor from the -c-ience and
Technology Agency.

(TO CONTINUE)
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TABLE 2-I.

KEY OCEANOGRARIC EVENTS ((tqI'NUD)

YEAR EVENTS

1956 Japan Meteorological Agency is inaugurated.

1961 Central Fisheries Experiment Station (Korea) reorganizes
its fixed stations into a total of 262 stations on 25
lines, initiating bi-monthly data surveys at these
stations. The surveys now include temperature, salinity,
p, DO, nutrient salts, water color, transparency, wind,
cloud, barometric pressure, weather, and occasionally
plankton samples.

1963 Fisheries Research and Development Agency (Korea) is
inaugurated, evolving frm the previous Central Fisheries
Experiment Station (Korea). Subsequently, the Agency
establishes seven regional stations: Kangnung, Pohang,
Yosu, Cheju, Mokpo. Kunsan and Inchon. FRDA is assigned
two survey vessels: Paektoosan Ho (150 FT) and
Taebaeksan Ho (400 GT).

1963 Japan conducts a three-agency study on the anomalous cold
water masses around Japan, including the cold water mass
along Tsushina Current in Japan Sea, sponsored by a
special research fund set up by the Science and Technology
Agency, FY1963. The report was made public b) SPA
entitled:

"Report of Special Research Program on Ancmalousl
Cold Water Masses in the Vicinity of Japan: 1964,
Research Coordination Department, Science and
Technology Agency.

The report contains the following general contributions:

Fisheries Agency - Data acquisition and analysis
relating to the relationships between the cold
water masses and biological productivity.

Maritime Safety Agency - Development and applica-
tion of air-borne radiation thermometer.

(TO CONTINUE)
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TABLE 2-1.

KEY O(EAN(.XMAPiiC LVLVN'S (c (1'{INU}I))

YEAR EVENTS

1963 Meteorological Agency - Research on the relit ion-
(Cont'd) ships between the cold water mass and marine

weather using observational tower.

The following report was supplunented in 1967:

Miyata, K., 1967. Clarification of the decay and
patterns of large-scale cold water masses in
designated waters - characteristics and
fluctuations of the intermediate water in
Tsushima Warm Current. Report of the Research
on the Influences of Cold Water Mass on the
Distribution and Deterioration of Fishery
Resources. With Appendices 1 and 2.

1964 Korean Hydrographic Office heccanes a departitient within
the Ministry of Transport, detached fran Navy.

1965 Japan Oceanographic Data Center (JODC) is inaugurated
within Hydrographic Office, Maritime Safety Agency. It
was later designated as Kuroshio Data Center (KIX').

1965 Oceanological Society of Korea is inaugurated.

1965 "Cooperative Study of Kuroshio and Adjacent Rogions" ((5K)
Program coninences in May, 1965, with participition of 11
nations including, amiong t1hii, Japan, Korea, USA and USSR.

The study took place in a region bLWundtd by long. 160E
and lat. 43N containing South and F;,ist China Scas and
Sea of Japin. The CSK progran fix'used on:

1. Study of the origin of Kuroshio east of the
Philippines and Taiwan.

2. Mixing bxWtwn Kuroshio and coastal waters
in LFi.;t China .

3. 1']icount er tween Krf::hiu and oyashio.

(TO CONTINUE)
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PIAHLL; 1.

YEAR EVENTS

1965 Through this program, Japan and Korea Lxqin to coordinate
(Cont'd) respective sectional surveys along fixed lines in

Tsushima Strait. The program officially ended in 1970,
but the symposia and workshops continued to be held till
1979. Numerous CSK data reports have been published by
JODC. See also:

Marr, J.C.(ed.), 1970. Kuroshio - A symposium
on the Japan Current. East-West Center Press.

Stcimel, H. and K. Yoshida, 1972. Kuroshio - Its
Physical Aspects. Univ. of Tokyo Press.

1968-70 Japan conducts a rmlti-agency study of Japan Sea to study
dynamics of oceanic circulations, eddies and fronts and
their relationships to biological productivity. The
program produced detailed measurements of current dynamics
in both Tshushima and Tsugaru Straits. A number of papers
emerged from this program, as well as two official reports
by Science and Technology Aqency in 1971 and 72. Contri-
butions by various agencies are as follows:

Fisheries Agency - Formation and transport of inter-
mediate and bottom waters, their impacts
on biological productivity at various
designated areas.

Maritime Safety Agency - Dynamics of circulations,
eddies and fronts; fornation and transport
of intermediate and bottom waters; current
dynamics at Tsushima and Tsugaru Straits.

Meteorological Agency - Fluctuation of frontal
waters, with special reference to trans-
port, and horizontal and vertical
structures of water masses.

Geological Institute - Acoustic study of marine
geology north of Noto Peninsula.

(TO CONTINUE)
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TABLE 2-1.

KEY OCEANOGRAPHIC EVEI'S (CONI I-l)

YEAR EVENTS

1971-73 Japan Fisheries Agency conducts a three-year study on the
oceanographic conditions associated with squid fishery
grounds in Japan Sea.

1973 Korea Ocean Research and Developlrent Institute is
inaugurated within Korean Institute of Science and
Tecxhnology (KIST). KORDI was renamed in 1974 as Ship
and Ocean Research Institute, but regained its original
name in April 1978. KORDI has the following departments:
Ocean Engineering Dept., Physical Oceanography Dept.,
Chfical Oceanography Dept., Marine Biology Dept.,
Marine Econany Dept., Marine Transport and Harbors Dept.,
Oceanographic Data Center, and Marine instrumentation.
The following publications by KORDI are of particular
interest:

1977. Data Processing of the Sectional Oceano-
graphic Observations in Korea. I. Eastern
Sea (Japan Sea).

1978. Oceanographic Atlas of Korean Waters.
Volume I: Temperature Structure, ed.
Sangbok D. Hahn.

KoRDl 1. ilso involved in the developnent of tidal power
station on the west coast, and in 1978 hosted an inter-
national synposiu on this subject.

1972-75 Japan Science and Technology Agency sponsors a 4-year
comprehensive study of East China Sea participated by
Hydrographic Office, Meteorological Agency and Fisheries
Agency. Sxecific objectives of this study were:

o Characteristics of coastal water on the
continental shelf (JHO).

o Mixing of Kuroshio and coastal water (JQA).

o 1<kltationship between oceanic condit ions and
fish re s;ources (JTFA).

(TO CONTINUE)
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TABLE 2-1.

KEY OCEANOGRAPHIC EVEN'S (CONINUED)

YEAR EVENTS

1972-75 The results of the study were published in:
(Cont'd)

Science and Technology Agency, 1977. Report
on Comprehensive Study of East China Sea.
221 p.

1973-75 Japan Science and Technology Agency sponsors a three-
year AMTEX (Air Mass Transformation Experiment) study
in the East China Sea to investigate air-sea interactions
and heat budget of the region as they impact the
intensification of migratory extratropical cyclones
arriving in Japan. Two data reports AMTEX '74 and
AMTEX '75 have been published. The 1973 study focused
on the oceanographic structure of Kuroshio in East China
Sea using "Hakuho Maru" of University of Tokyo's Ocean
Research Institute (leader: Prof. Y. Nagata). The 1974
and 75 studies focused on the measurements and analysis
of fluxes of mcmentum, heat budget and radiation.
See:

Naito, G., Y. Tsuji and I. Watanabe: Transfer
of the fluxes of momentum, sensible heat and
latent heat, and the radiation flux in the
sea area south of the Nansei Islands in winter.

Part 1, AMPEX Report '74.
Part 2, AMPEX Report '75.

1975-77 Japan Science and Technology Agency sponsors a 3-year
program on the Tsugaru Warm Current region under 3-
agency coordination, with the following objectives:

o Currents in Tsugaru Strait (JHO)
o Bottom topography and submarine geology in

the strait (JHO)

o Oceanogrpahic structure in the Tsugaru Warm
Current region and relationship between
fluctuation of oceanographic factors and
meteorology (JMA).

(To CONTINUE)
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TABLE 2-1.

KEY OCEANORAPHIC /V/ M'S (CMn'INUD)

YEAR EVENTS

1975-77 o Relationship between distribution and
(Cont'd) migration of fishing grounds and fluctuation

of oceanographic factors.

The results of this study was published as:

Science and Technology Agency, 1979. Report
of the comprehensive study on the Tsugaru
Warm Current Region. 335 p.

1976-78 Japan Science and Technology Agency sponsors a 3-year
study on the Sea of Okhotsk under a three-agency
coordination. Arnng the objectives of the study were:

o Oceanography of Soya Warm Current

o Oceanography off Kurile Islands

o Dynamics of sea ice

o Characteristic water masses

o Interpretation of unagery from 7P)AA-scries
satellite

The results of the study were published in:

Science and Technology Agency, 1981. Report on
Comprehensive Study of the Sea of Okhotsk.
248 p.
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The first current meter survey in the West Channel using
Ekman4-1rz current meter was conducted by K. Nishida of Korean
Fisheries Experiment Station in 1923.

Serial oceanographic observations along sc:tional lines began in
1919 when a newly launched Misacfo Maru (63 gross ton, launched- in
1917) occupied six survey lines in the vicinity of Tsushima Strait.
These lines were located as follows:

A line: Kuryongpo-Ullungdo-Dokdo

B line: Busan-Tsushima

C line: Busan-Shimonoseki

D line: Cheju Strait (Cheju-Soando)

D'line: Cheju-Goto Islands

E line: Bikurrdo-Daehuksando

The B line, with its six stations, corresponded to the present
207 line which traverses the West Channel of Tsushima Strait - one
of the most heavily surveyed lines in Korean waters.

Between 1919 through 1921, the survey along these sectional lines
were sporadic, but a scheduled survey program on a monthly and bi-
monthly basis commenced in 1922. More lines were added over the
years, increasing to a total of 10 by 1945. One of these lines was
the U line, which corresponded to the present 208 line traversing
the immediate north side of Tsushima Strait's West Channel. The
U line had only six stations when initially established in 1926,
extending to only 43 miles from Ulgi, but four more stations were
added in 1936 to extend the line full-length to Kawajiri-Misaki on
Honshu, Japan, thus traversing the entire width of the Tsushina Strait.

Surveys along the sectional lines continued till 1944, and the
results were analyzed and published by Fisheries Experiment Station
of the Governor-General of Korea in a series of data reports titled:

Annual Report of Hydrographic Observations,
Volumes 1 - 9, 1926 through 1941.

In the Tsugaru Strait, the Kobe Marine Observatory's Shumpu Maru I
conducted a limited survey in 1930, followed by a 24-hour current
measurement by the Hydrographic Office in 1931. The Hydrographic
Office conducted more detailed measurcrents of current in the Tsularu
as well as Tsushimae Straits in 1941-45, but the results rciuin
unpublished till today.
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In the Soya Strait, the only pre-war survey that occurred was a
cruise by the Hakodate Marine Observatory's Yushio Maru in 1942.

Rebuilding Era (1946-63):

Effective rebuilding of oceanographic capabilities did not begin
in Japan till after 1950 when the breakout of the Korean War gave
impetus to its economy, and in Korea till after around 1960.

In 1947, Japan's oceanographic institutions underwent major
reorganization and expansion. In this year, the Japanese Hydrographic
Office was transformed into a civilian service as a department
within the Maritime Safety Agency under the Ministry of Transport.
The Fisheries Agency was inaugurated in this year, and subsequently
its regional Fisheries Research Laboratory was gradually expanded to
a network of eleven. In 1947, two new marine meteorological obser-
vatories were created at Nagasaki and Maizuru, ccmpleting a network of
five regional centers along with those at Kobe, Hakodate, and Tokyo.
In 1956, these observatories were placed under the newly inaugurated
Meteorological Agency.

Already in 1953-57, the Fisheries Agency carried out a 5-year
study program on the Tsushima Warm Current. The Hakodate Marine
Meteorological Observatory's Yushio Maru resumed routine surveys in
the Tsugaru Strait in 1949 and in the Sea of Okhotsk in 1955.
Observations at the Tsushima Strait were considerably reinforced
in 1960 with the advent of Chofu Maru of the Nagasaki Marine
Meteorological Observatory. In the early 1960's, the Japanese
survey vessels began to be equipped with BT and GEK. As the
oceanographic survey activities by the three agencies grew in
scope by mid-1950, a liaison mechanism was created to coordinate
cruise tracks and schedules among them. In 1963, Japan's first
post-war 3-agency joint survey was conducted under the financial
manaqement of the Science and Technology Agency, focusing on the
dynamics and fishery implications of cold water masses in the
Sea of Jaain.

In Korea, a tangible sign of recovery began to emerge as late
as 1961, when the then Central Fisheries Experiment Station expanded
its fixed stations into a total of 262 stations on 25 lines fully
surrounding the coastlines south of the LMZ. In 1963, the CFES
was formally evolved into Fisheries Research and Developtuit Agency.

Recent Era (1964 - Present):

During this era, the quality as well as the quantity of dita
acquisition efforts saw remarkable improvenents in Japan and Korea.
This era was also characterized by the increasing arount of
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international coordination for data acquisition and data exchange,
and the sophistication in the quality of research. Both in Japan
and Korea, the entire fleet of active oceanographic survey ships
was built during this era.

In Japan, in addition to routine cruises along the numerous fixed
serial stations by regional agencies, nulti-year 3-agency joint
studies Eatrged as a new trend for oceanographic data acquisition.
Studies of this type which took place during this era included the
Cooperative Study of Kuroshio (1965-79) and the WESTPAC (1979-
programs, the comprehensive studies on the Sea of Japan (1969-70),
the East China Sea (1972-75), the Tsugaru Warm Current (1975-77),
and the Sea of Okh-otsk (1976-78). The Japan Meteorological Agency
began deploying ocean data buoys in 1973, and also began VHRR data
reception fram U.S. envirornmental satellites in 1968.

In Korea, this era marks the caning-of-age of its oceanographic
capability. In 1964, the Hydrographic Office evolved into a
civilian department under the Ministry of Transport and began
undertaking serial oceanographic surveys in the southern waters
(Stations 200 series) as well as tide measurements at a total of
16 stations by 1980. The Korean Ocean Research and Development
Institute was inaugurated in 1973 to add an important research
arm to the Korean oceanographic ccmunity. A sizable number of
distinguished oceanographers have also emerged in Iorea during this
era.

An important developtent during this era was the creation of
Japan Oceanographic Data Center within the Hydrographic Office in
1965. Beginning in 1966, the JODC undertook computer-based data
archiving efforts encompassing the full range of oceanographic data
being collected in Japan.

2.2 Patterns and Trends

Data Volume

The amount of data being collected by the Japanese and Korean
agencies has increased by leaps and bounds in recent years. For
instance, ocean current ijeasurements using GEK, which began around
1953 in Japan, averaged 6,000 annually during the past 15 years as
shown in Figure 2-1. Most of the GEI data are taken in the adjacent
seas of Japan. According to a recent tally by the JODC, as many as
20,000 oceanographic stations, 15,000 MuF casts and 8,000 GD<
measurements are being taken annually in Japan. The upward trend
of data collection wuld undoubtedly sustain or even accelerate in the
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years ahead both in Japan and Korea, as a greater emphasis is being
placed on pollution monitoring and fisheries productivity in domestic
waters.

Multi-acency Operations

There is an increasing trend for joint cruises among different
agency units on local, regional and national levels. The first
simultaneous operation was carried out in 1932 when the fisheries
research vessel Soyo Maru I and same 50 small vessels frcn every
prefecture facing the Sea of Japan participated in a joint study of
the Yellow Sea, the East China Sea and the Sea of Japan under the
leadership of the then Imperial Fisheries Experiment Station
(presently, Tokai Fisheries Research Laboratory). A joint operation
was repeated in 1933, again in 1934 at a reduced scope, and once
again in 1941.

Since the first siuiltaneous operation in 1932, coordinated
cruises among adjacent prefectural fisheries experiment stations
have beccme a routine practice. In the post-war years, multi-agency
coordination took on a more systematic pattern. Since around
1946, regional agencies of the JHO, the JFA, and the JMA began
holding annual liaison workshops, and subsequently included local
representatives of the Maritime Self-Defense Agency. This regional
coordination was organized into the following three groups:

Tohoku (Northeast) Region:

Hakodate Marine Observatory
Fish. Res. Labs, Hokkaido, Tohoku & Tokai
Maritime Safety Agency, Region 2
Maritime Self-Defense Agency, Ominato District

Western Region:

Nagasaki Marine Observatory
Fish. Res. Lab., Nansei-kai Region
Maritime Safety Agency, Regions 7 & 10
Maritime Self-Defense Agency, Sasebo District

Japan-Sea Region:

Maizuru Marine Observatory
Fish. Res. Lab., Japan-Sea Region
Maritime Safety Agency, Regions 2 & 9
Maritime Self-Defense Agency, Maizuru District
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Inter-agency liaison activity among the headquarters representatives
began around 1954, with regular participation fran the J110, the JFA,
the JMA, the Science and Technology Agency, and the Maritime Self-
Defense Agency.

A number of major inter-agency projects evolved fran these
coordination activities. The first post-war inter-agency joint
study was a JFA-JMA 5-year project (1953-57) on the Tsushima Warm
Current. Subsequently, a series of inter-agency joint studies were
performed involving the three key services, i.e. the JHO, the JFA
and the JMA, and other agencies such as the Geological Survey,
universities and prefectural fisheries experiment stations. These
studies were called "Sogo Kenkyu" (Comprehensive Study), and were
managed by the Science and Technology Agency. This "Comprehensive
Study" approach has been applied to the cold water masses downstream
of the Tsushima Strait (1963), the Sea of Japan (1969-70), the East
China Sea (1972-75), the Tsugaru Warm Current (1975-77), and the
Sea of Okhotsk (1976-78).

International Coordination

The CSK (Cooperative Study of the Kuroshio and Adjacent Regions)
program during 1965-77 was an important milestone in the developrint
of oceanographic knowledge in the adjacent seas of Japan. It also
served as an excellent opportunity for testing and training the
Korean oceanographic community. Japan undertook manageent re-
sponsibility for project coordination as well as for data archiving
efforts for CSK. The Japan oceanographic Data Center, also serving
as the Kuroshio Data Center, has recently compiled a CSK data
inventory titled "Guide to CSK Data" (March, 1981), giving a coiplete
inventory of its CSK data holdings.

Table 2-2 smanarizes the serial observational data which anerged
from the CSK field programs between 1965 and 1973. It is evident
that Japan accounted for nearly 40% of the data, much of it con-
tributed by the JMA and the J110. The Republic of Korea contributed
an impressive 18%.

The CSK program also provided conditions favorable to inter-
national coordination of serial observational cruises between Japan
and Korea. The Korea Fisheries Research and Development Agency
began coordinating bimonthly serial observation cruises it 63 fixed
stations with Japan. Between 1971 and 1974, Ehe Korea Hydrogirphic
Office undertook coordinated serial observational cruises in the
Tsushima Strait with Japan. Both of these Korean agencies are
actively participating in a data exchange with the JODC.
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TABLE 2-2. Sumakry of serial observational
stations taken by participating
nations in the CSK program.

(X)UNTRY NUMBER OF OBSERVED
CODE STATIONS YEAR

21 China 290 1965 - 69

24 Korea,Rep. of 2,311 1965 - 71

31 U.S.A. 473 1965 - 69

42 Indonesia 325 1967 - 71

66 Philippines 196 1968 - 69

74 United Kingdom 597 1965 - 71

86 Thailand 581 1967 - 69

90 U.S.S.R. 2,830 1965 - 71

MS Malaysia 150 1970 - 71

Sub-Total 7,753

49 Japan

JHO 1,308 1965 - 73

JMA 2,535 1965 - 72

JFA 209 1965 - 71

Univ. 876 1965 - 71

Sub-Total 4,928

Total 12,681

Source: JOFC Serial Observation Data File
to October, 1973.
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2.3 Status of Data Archiving

The JODC, founded in 1965, serves as a central repository of
oceanographic data in Japan. Whereas most of the data collected by
various organizations in Japan would in due course of time be sub-
mitted for centralized storage at the JODC, such submission is not
ca-npulsory, and therefore, the current data holdings at the JODC
should not be considered as complete. For instance, the Ports and
Harbors Bureau is continuing the policy to store observational data
at the site of its local data collectors. This applies to coastal
wave data, tide and tidal current data, and tenperature data, mostly
originating in the nearshore zones, bays, estuaries, and port
locations.

Data archiving patterns in Japan, by data type, are s follows:

Serial observation: Almost all the data obtained by the JHO,
the JFA, the JMA, and universities, and scmn recent data by the
Maritime Self-Defense Agency and the Korean agencies (Fisheries
Research and Development Agency, and Hydrographic Office) are
assanbled at the JODC. Table 2-3 shows the amount of serial ob-
servational data which had been processed into a magnetic-tape files
for cruise and station inventories at JODC as of May 31, 1980. A
total of nearly 120,000 serial observations from domestic sources
and more than 100,000 fran foreign sources have been processed into
JODC inventories.

MBT., XBT and GEK: The JMA operates a real-time data telemetry
system ADESS (Automatic Data Editing and Switching Systai) to
centralize the data transmission from its own ships and sane of
the JHO ships at sea. Non real-tine data are forwarded to the JODC
and stored on mag-tape under the IGOSS, cruise, and station
inventories.

Table 2-4 surnarizes the amount of the processed MBT and XBT
data at the JODC as of May 31, 1980. More than 43,000 from domestic
and about 145,000 from foreign sources have been processed. Data
from Japanese sources are dominantly from the adjacent seas of Japan.
Table 2-5 summarizes the processed GEK data at the JODC as of the
same date, giving a total of more than 130,000 data points. Most
of the GEK data were taken within 200 miles from the Japanese coasts,
whereas the foreign data were based on ship-drift measuruTients.

SST: Almost all the data, except for those collected by pre-
fectural fisheries stations are reported to ADESS, which are
eventually assembled at the JODC.
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TABLE 2-3. Sunmary of serial observational data on
magnetic-tape file at JODC as of May 31, 1980.

COUNTRY
CODE COUNTRY DATA YEARS STATIONq CSK STS. SUB-TOTAL

06 West Germany 1906 -1907. 1955-1965 2,9 289

08 13razil 1 957-1964 i.3 i 333
09 Auatralia 1938-196S 62145 8295

18 Canada 1927. 1971 14.056 14,056

20 Chile 1948-1949. 1959-1972 542 542

21 China 1962-1963 64 1965-1969 290 354

22 Colombia 1964-1966 200 200

24 Korea, Rep. 1930-1934. 1971-1972 1,573 1965-1975 2.518 4.091

26 Denmark 1914-22. 1928-29. 1951-52 252 252
28 Ecuador 1958, 1963-1972 733 733

31 U.S.A. 1928-29. 1933-41. 1946-74 53.375 1965-1969 473 53.848

32 Ethiopia 1966-1968 155 155

35 France 1949-1950, 1956-1973 1,274 1,274
41 India 1964 1 1

42 Indonesia 1949. 1956-1957. 1964-1973 969 1967-1973 351 1320

57 Mexico 1963 50 50
58 Norway 1920-1922 3 3

59 New Caledonia 1956-1965 392 392
61 New Zealand 1954-1964. 1971 449 449

62 Pakistan 1964 8 8

64 Nether lands 1929-1930 523 523

65 Peru 1961-1974 3.879 2,879
66 Philippines 1968-1969 196 196

74 United Kingdom 1911, 1930-38, 1950-5Z1963-66 587 1965-1971 597 1.184

77 Sweden 1947-1948 62 62

86 Thailand 1956-57, 1967, 1970-1973 547 1967-1972 758 1305
90 U. S, S. R 1925-27, 1932-33. 1956-73 7,033 1965-1977 4.874 11.907
95 Yigos lavia 1959 1 1

M alaysia 1970-1971 150 150

-l

SUB-TOTAL 95.645 10207 105.852

49 Japn

JHO 1923-24, 1927-43, 1946-79 21,293 1965-1977 1.973 23.086

JMA 1947-1979 27,913 1965-1977 5,600 33.513

JFA 1933-44. 1947-53, 1956, 1958 56.366 1965-1974 337 56.703
1961, 1963-64. 1970-79

UNIV. 1935-1939, 1953-1975 3.050 1965-1975 1,044 4,094

DA 1976-1978 319 319

SUB-TOTAL 108,941 8,774 117.715

TOTAL 1906-1979 204.586 1965-1977 18.981 223567
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TABLE 2-5. Surnary of GEK data on magnetic-tape
file at JODC, as of My 31, 1981.

DATA YEAR JHO JMA JFA DA UNIV. USSR SUB-TOTAL

1953 86 86
1954 1,001 1,001
1955 1,907 198 2,105

1953-1955 2,994 198 3,13,

1956 2,957 933 3,890
1957 2,739 1,564 43 4,346
1958 3,566 1,546 109 5,221
1959 2,971 1,437 4,408
1960 3,65; 1,497 5,151

1956-19uo0 1t 87 t,77 152 23.1 36

1961 3,318 1,712 46 5,076
1962 2,934 1,478 39 4,451
1963 2,916 1,820 4,736
1964 3,038 1,949 820 5,807
1965 3,431 1,961 5q0 31 6,013

1961-1965 15,o37 8,920 1,410 116 26,083

1966 3,692 1,893 610 85 6,280
1967 3,253 1,976 755 182 6,166
1968 3,454 1,191 707 140 123 5,615
1969 3,295 1,559 658 15 20 5,547
1970 3,094 1,803 770 106 58 5,831

1966-1970 16,78 8,422 3,5 C 106 480 143 2,439

1971 3,437 1,810 1,421 64 52 6,784
1972 3,271 1,688 1,338 69 139 6,505
1973 3,951 1,505 1,000 151 171 6,778
1974 3,381 1,221 631 537 241 6,011
1975 3,431 1,413 985 416 179 6,423

1971-1975 17,417 7,637 5,375 1,237 781 32,501

1976 3,413 1,333 1,015 618 172 6,551
1977 3,070 1,524 1,143 674 6,411
1978 2,809 (1,096) ( 428) (4,333)
1979 (1,042) ( 914) ( 124) (2, 050)

1976-1979 10,344 4,867 2,710 1,292 172 19,375

79,111 37,021 12,995 2,635 1,701 1 143 133,6 6
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Tide: The JODC capiles daily average sea levels fran the JMA
and JHO tide stations and the National Geographical Institute's
Coastal Sea Level Center into a mag-tape tide file. Some of the
data collected by the Ports and Harbors Bureau are forwarded to the
JMA.

Tidal Current: The JHO, the JMA, and the Ports and Harbors
Bureau store their respective data in house. The JODC processes
only the JHO data into a mag-tape tidal current file.

Wave: The JMNA coastal wave stations forward the data to the
ADESS. The data collected at a total of 12 coastal stations under
the Ports and Harbors Bureau are assembled at the Ports and Harbors
Research Institute. The JODCI has no coastal wave data file. Most
of the high-seas wave data being obtained by the JHO, the JMA and
other cooperating vessels are forwarded to the ADESS. The JODC
archives only the statistics of high-seas wave data.

Ocean Pollution: All the data fran the ocean pollution survey
cruises by the JHO, the JMA and the Japan Envirornental Protection
Agency, are processed into an ocean pollution data file on magnetic
tape at the JODC.

Sea Ice: Real-time data on sea ice is forwarded and archived
at the Drifting Ice Information Center of the Region V Maritime
Safety Agency (Otaru) and at the Hakodate Marine Meteorological
Observatory.

sea Fo: Observation of sea fog is an exclusive responsibility
of the JMA, which also acts as a sole repository of this data.

Data Buoy: Real-time ocean buoy data is disscTminated only
within the JMA and to prefectural fisheries experiment stations.
Data sheets are forwarded to the JODC for archiving.

Figure 2-2 shows distribution of serial observation stations
at a 100-m depth on file at the JODC, at a 10 Marsden-square
resolution. One recognizes high density of serial stat ions in
the Tsushima Strait, on the downstream side of the Tsugaru Strait,
and along some portion of the west coast of Sakhalin. Data in the
Soya Strait is relatively sparse. A moderately high data density
exists along the paths of the Kuroshio and Oyashio in the Pacific
Ocean and ot the Tsushima Warm Current in the East China Sea and
inside the Sea of Japan. (See a Marsden Square chart in Figure 2-3).

Figure 2-4 shows GEK surface current data distribution at a
I-degree Marsden-square resolution in the adjacent seas of Japan,
derived from a JODC GEK data file, 1953-1977. Of the three sea
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straits under study, the GEK data density is highest in the Tsugaru
Strait, averaging more than 300 data points per !4-decjrec square in
the channel and about 200 outside the channel. The data density per
I4-degree square in the Soy-a Strait averages slightly imnre than 100,
and in the Tsushima Strait, less than 100. The GEK: data in the
Tsushima Strait is concentrated in its east channel.

Table 2-6 shows data volume for each of the sea strait regions,
based on the most recent tabulation (1981) of vertical sumary and
GE< data statistics from the JODC file. Serial observational data
(taqaerature and salinity), are most numerous in the Tsugaru Strait,
followed closely by the Tsushia Strait. Data density of serial
stations for the Soya Strait, lags far behind the Tsugaru and Tsushirra
Straits. Regarding the GEK data, the Tsugaru Strait again has the
most number of measurements, followed by the Soya and the Tsushima
Straits, in the order named.

Table 2-7 shows a detailed breakdown of data density at a
l-degree-Marsden square resolution for each sea strait, derived from
a recent 1981 tabulation furnished by the JODC.

Korea

Data archiving effort in Korea is in developing stage. The
Fisheries Research and Development Agency, the Hydrographic Office,
and the Ocean Research and Developuient Institute maintain a respec-
tive data center within each organization. The JODC has irost of
the Korean serial observations on its magnetic-tape file.

Table 2-8 shows a sunirary of serial observation stations by
Korean agencies for a period 1961 through 1975, campiled by the
KORDI, 1978. Figure 2-5 shows a bimonthly breakdown of the same
statistics. As previously shown in Figure 1-7, the stations of
200's series are located in and adjacent to the Tsushiina Strait.
One recognizes a coparatively high data density in the West Channel
of the Tsushina Strait. The number of serial stations in the
Tsushima West Channel (Lines 206, 207 and 208) over the same period
was, respectively, 375, 533 and 477, with a combined total of 1,378.

NOC

The National Oceanographic Data Center (NODC) serves as World
Data Center A, and, in this capacity, is engaged in archiving
world-wide oceanographic data in accordance with an IOC agreement.
The rate of accuntilation of international oceanographic data at the
NODC has been accelerating in recent years.
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IABLE 2-8. Sumary of serial observational stations
by the Korean agencies during 1961-1975.

MONTHS OF CRUISE
STATION -SUBTOTAL

NO. FEB. APR. JUN. AUG. OCT. DEC.

306 75 89 86 85 81 62 478
307 74 85 62 78 77 59 435
308 109 125 107 102 102 74 619
309 102 148 103 129 112 74 668
310 79 113 87 104 82 69 534
311 73 106 90 106 83 69 527
312 90 126 ill 137 93 93 650
313 45 92 89 80 33 69 408
314 65 117 138 120 91 67 598

SUBTOTAL 712 1,001 873 941 754 636 4,917

203 27 33 36 45 18 18 177
204 62 55 56 76 42 35 326

*205 61 60 54 81 43 43 342
*206 75 65 65 64 58 48 375
*207 129 95 120 136 107 75 662
*208 142 139 127 140 160 102 810
*209 84 108 99 112 105 86 594

SUBTOTAL 580 555 557 654 533 407 3,286

102 68 77 90 94 95 84 508
103 77 93 102 102 84 73 531
104 68 71 89 91 83 106 508
105 67 88 90 86 78 71 480
106 109 127 148 148 125 118 775
107 43 66 59 70 66 65 369

SUBTOTAL 432 522 578 591 531 517 3,171

GRAND 1,724 2,078 2,008 2,186 1,818 1,560 11,374
TOTAL

(*) Tsushima Strait Region
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Although the most recent tabulation of the NODC holdings of
Japanese serial oceanographic data is not available, the holdings
as of 1970 were reported to be 94,380 stations, the highest among
all the foreign serial station data held at the NODC (JODC News,
No. 3, 1972). This was almost 5 tiTes the NODC holdings of the USSR
data (20,386), almost 6 tines those of the Norwegian data (16,836),
and more than 7 times those of the UK data (13,075). The NODC
holdings of the U.S. serial data were 59,732 at that tine, approxi-
mately two thirds of the Japanese data.

Regarding the surface current data, the NODC's SCUDS (Surface
Current Data System) file as of January, 1981, reportedly contained
5,106 Japanese GF< data (taken prior to 1974) and 85,243 Japanese
ship-drift data. This may be compared to the holdings of UK ships-
drift data of 10,245 and the French data of 3,895 (Insert to "User's
Guide to NODC's Data Service, Feb., 1974," dated January 8, 1981).

NAVOCE 40

The NAVCCEANO maintains an unclassified data file which contains
data collected from the NAVOCEANO survey ships plus data extracted
from the files of the NODC and various DOD libraries. As of 1976,
(Naval oceanographic office Data Summary", TN3007-I-77, January, 1977),
some data of interest to this study are identified in the NAVOCFANO
file. Table 2-9 sumarizes these holdings in 4 Marsden 100-square
areas surrounding the sea straits under study. (Fbr the exact
location of the named 100 squares, see Figure 2-3).
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3. DATA IhNVi11ORY

3.1 Rationale

In 1978, the University of Virginia's Department of Environmental
Sciences developed a coastal information and data referral system
patterned largely after the then existing SHARP (Sjhips Analysis and
Retrieval Program) system of the David Taylor Naval Ship Research
and DevelopTent Center (DINSRDC). Known initially as the "University
of Vtrqinia Information System" (UVAIS), it was subsequently trans-
ferred to the Naval Oceanographic Office's facilities at Bay St. Louis,
Mississippi, effective March 1980. With the transfer, sane necessary
modifications were made to its format and system access routines, and
the UVAIS was renamed "Coastal Enviromental Reference Service" (CERS)
to serve as a companion information referral system along with the
existing "Oceanographic Environmental Reference System" (OERS).

At the onset of the present study, it was contemplated that a
sea strait information referral system may be developed following
the UVAIS configuration. However, it soon became apparent that sea
strait data had scme fundamental differences from the coastal
processes data, particularly in terms of data acquisition procedures.
The sea strait data is acquired through cruises, operated mostly
frcm a ship, and consists of parameters which are essentially
"oceanic" in nature and three-dimensional in spatial distribution.
On the other hand, the coastal processes data generally occupies
a point or a short linear segment along a coastline, has a unique
emphasis on morpbodynaudc behaviors of the boundary and wave
action, and is usually acquired fram fixed-point measurements and
observations, largely shore-based.

The "Oceanographic Environmental Reference System" (OERS) was
mu ch better suited to accamodate the data configuration of sea
strait parameters. However, in this study, it was necessary to
introduce a few modifications to incorporate sea strait data into
the OERS in its existing form.

The OQERS is designed to accciodate synoptic data. For this
reason, the world ocean has been divided into broad regions much
too large for the size of a sea strait. For instance, of a total
of 133 water bodies of the world which have been given code
designation in the OBRS, only 21 are sea straits, channels,
passages, and seaways. The only sea straits which have been
identified with code in the general vicinity of this study are
the Formosa Strait (Code 3F) and Tartar Strait (3D).

..... ... ... .. ........... .. .... ... .... ... .. ... ... • ..... ...... ....' ... .. ......-,1I



In the present study, the following convention as used to
designate each of the sea straits of interest. The entire data
inventory was divided into three regions adjacent to the Tsushima,
the Tsugaru and the Soya Straits, and each was distinguished by
assigning project code SEA STRAIT 1, SEA STRAIT 2, and SEA STRAIT 3,
respectively. To further specify the identity of each sea strait,
two adjacent ocean areas were entered to designate the associated
General Ocean Areas. For instance, the general ocean areas for
the Tsushima Strait are the East China Sea (Code 3E) and the Sea
of Japan (3), those for the Tsugaru Strait are the Sea of Japan
(WJ) and the North Pacific Ocean (3A), and those for the Soya
Strait are the Sea of Japan (3J) and the Sea of Okhotsk (3Q).
All the pairs of the adjacent ocean areas are mtutually distinctive.
Additionally, with the consent of the Naval Oceanographic Office,
a new code designating the sea strait was introduced to add to
the list of "Types of Marine Zones." This code is "15". A
cambination of these comnposite designations is sufficient to
identify any of the three sea straits under study uniquely without
altering the existing format of the OERS Cruise Data Inventory
(see Table 3-1).

Another modification was aimed at maximizing the utility of
the existing OElS Cruise Data Inventory format. The OERS allows
a 600-character space to add coaments on each data entry. This
space was used in this study to describe:

o Specific locality of the data.

o Identity of a data report, if any, and the holding
library in the U.S.

o Sunmary of the data volume.

For instance, the caument on specific locality alays mentions a
sea strait by its ccnmn nae (i.e., Tsushima, Tsugaru and Soya)
and indicates whether the data was taken upstream, downstream,
east, west, or in the channel of a particular strait. This is
the only location in the Cruise Inventory Format where specific
conron name of a sea strait (instead of a code) is described.
Ccf-nents on identity of data report include the title of the
report, issue number, year of publication, and publishing agency.
Coanents on data content describe nurber of serial observational
stations, BT stations and GEK stations. The comments also list
holding libraries in the U.S.A.

. .... . .. . ... . .. I _ 2



Thus, a single query into the OERS Cruise Data Inventory would
lead to information not only on how much, when, where, by whon and how
the data was acquired, but also on the identity and whereabouts of
appropriate data reports.

The OERS is designed to complete the information content with
a dual data inventory, consisting of the Cruise Data Inventory and
the Station Data Inventory (or the Underway Data Inventory for
geology, geophysics, hydrographic measurements under way, etc.).
In this study, the Station Data Inventory was not prepared for
several apparent reasons. First, the expanded Cruise Data Inventory
already provides a general configuration of data content which the
Station Data Inventory is designed for. Second, the Japan Oceano-
graphic Data Center (JODC) of the Japan Hydrographic Office has
already embarked on a task of data archiving with the aim to
consolidate the entire range of oceanographic data acquired by
the Japanese and Korean sources. The JODC has so far advanced
in this effort as to be able to provide vertical surmaries and
ocean current statistics as well as individual cruise data up to
a quite recent point of tine. This capability has been tested
with the cooperation of the JODC as part of the efforts in the
present study. Third, the present study was devoted to a limited
objective of developing a referral system useful to investigators
who are uninitiated to oceanographic data acquisition practices
in the Far East.

3.2 Oceanographic Environmental Reference Service (OERS)

A good description of the OERS is given in NAVOCEANO's
Instructions for OERS Reporting System." Figure 3-1 shows a
Cruise Inventory reporting format (8ND NAVOCEANO 3161/202).
A selected excerpt from "Instructions for OFRS Reporting System"
is presented as follows:

The Oceanographic Environmental Reference Service (OERS) is
a computer-based reference system developed at the Naval Oceano-
graphic Office and sponsored by Cm~mander, Naval Oceanography
Command. It was developed to compile an inventory of oceanographic
data collected by, or of specific use to the Navy. It is one of
several functional divisions of the Oceanographic Management
Information System (CMIS). The OERS data base is implemented
under a UNIVAC system software package known as I14-1100.

In order to maintain currentness of the data base, an
inventory reporting system has been devised. The basis of this
system is three forms which will provide information in a format
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which is quickly convertible to digital data. An attempt was made
to minimize the effort necessary to complete the forms by arranging
logically associated data itaes on separate forms.

The "Cruise Inventory"torm (8ND IVMX:EAO 3161/202) provides
for inclusion of information on the whole data collection effort
while the two data inventory forTs provide irore detailed infonration
about the environmental parameters observed during the cruise. A
cruise is defined as any data collection activity - conducted
ashore, afloat, underwater, or in the air - regardless of the type
of platform employed. A shipboard cruise should be reported
"port-to-port". For some activities this constitutes a cruise
"leg". In such cases, identify the leg by appending "-l", "-2",
etc. to the cruise identifier (e.g. 343606-1). The data dictionary
for the Cruise Inventory form gives further explanation for each
item of information solicited. If a larger comment section is
required, continue on a plain sheet of paper and attach it to the
form.

Each type of data collected or observed during the cruise
will be reported on one of the two data inventory forms. Form 8ND
NAVOCFANO 3161/203, titled "Station Data Inventory", is for
recording information about data collected while the platform
or sensor is in a fixed position relative to the horizontal datum.
The "Underway Data Inventory" form (8ND MAVOCEAM 3161/201) will
be used to report the data types listed under the "GU" group
(geology, geophysics, and hydrography measureants underway),
group "N" (navigation), and continuous observations such as "Hol"
(continuous temperature recording).

Specific entries into the OERS Cruise Inventory are annotated
in "Instruction for OERS Reporting System" as follows:

Project: List the project name or identifier or the name of

the sponsoring program.

Cruise: Cruise identifier as assigned by sponsoring agency.

Status: P - Planned cruise
C - Capleted cruise

Sponsor Organization: Enter the name of the organization in
charge of the data collection activity.

Ship/Platform Name: The name or official designation of the
ship, plane or other survey platform used for this
effort.
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Platform type: Enter code from the following table.

01 - Research/survey ship 08 - Submerged float (anchored)
02 - Other ship 09 - Subnerged float (drifting)
03 - Satellite 10 - Fixed platfonn
04 - Balloon 11 - Fixed coastal station
05 - Fixed-wing aircraft 12 - DriftLig ice
06 - Anchored buoy 13 - Submersible
07 - Drifting buoy 14 - Other

15 - Rotary-wing aircraft

Start Date: First day of cruise. Format YYNM'D.

Stop Date: Last day of cruise. Format YYMMDD.

Miles: Miles steamed or flown during cruise.

General Ocean Area: Enter the code(s) for the water bodies
in which the cruise occurred, using the
definitions supplied in Defense Intelligence
Agency Manual No. 65-18.

Marine Zones: Enter the code(s) for the marine zones covered
during this cruise from the following table:

01 - River mouth, estuary 07 - Continental shelf
02 - Zone connected with 08 - Continental margin

the sea (harbors, 09 - Major ridges, fractures
lagoons, etc.) 10 - Seamounts, guyots, and

03 - intertidal or near- atolls
shore zone 11 - Abyssal plain

04 - Coastal zone 12 - Troughs
05 - Offshore zone in 13 - Great Lakes (US & Canada)

inland sea 14 - Lakes (other)
06 - Open Sea 15 - Sea Strait

Declared National Progra? Check yes or no according to
whether the activity is or is not part of a
"declared national program".

Exchange Restricted? Check yes if any part of the data is
subject to exchange restrictions.

Co-operative Program: If the cruise is part of a co-operative
program, name the program.
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International Coordinator: if t c rise is part of an
internationally coordinated progrm, list the
coordinating agency or individual.

Participating Agency: If another aqency funds, participates
in, or assists in the, cruise, enter the nane of
that agency.

Scientist in Charge:

- Last name, first rase, middle initial.
- Organization: e.g. NAVOCEANO
- Organization Code: (if used within organization).
- Organization Address: Street address, PO bxx, etc.
- City, State, and Zip: No explanation necessary.

Comments: Add as reny 60-character lines of cczment as
necessary to describe lost time, unusual weather,
equipment failures, etc.

In the OERS, in order to permit a wide spectrun of users to be
able to access the data base independently, an interactive retrieval
program is provided to allow the fornulation of queries by providing
answers to programed prcapts. A detailed description on the use of
the OERS is given in: "The Oceanoraphic Environmental Reference
Service Retrieval Proqram Guide", by Richard L. Rein, NAVOCEANO
RP-31, February 1981 (32 p.).

3.3 Guidelines for Users

The OERS provides "reference information" on data rather than
the data per se. Standard data base elenents in the OERS cruise
inventory include identification of sea strait (called "Project"),
cruise number code, sponsoring organization, ship's name, data
collection dates, identification of general ocean area, type(s) of
marine zone, coordinating agencies, data exchange availability,
scientist(s) in charge and his address. However, in order to
en:hance the infonation content in the data base, we have also
added an annotation describing specific localities of cruise,
published oceanographic data reports and the holding libraries,
amunt of cruise stations by parameter, and other necessary
xamments. Thus, our enhanced cruise inventory contains not only
information on data collection activity but also on data volume
and whereabouts of appropriate data reports.
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The user can access the OERS data base either by cruise,
parameter, water body, or global coordinates (WM0 area identifier).
In order to further assist the user in accessing the data base,
this report contains additional material for orientation:

o A complete summary of plotted cruise tracks by the three
most important data collecting agencies in Japan
(Hydrographic Office, Fisheries Agency, and Meteorological

Agency), is provided in Appendices 1, 2, and 3. A
potential user may first thumb through these cruise
tracks to gain a swift prelimanary assessment of the
existing data volume in a specific area of interest.

o Statistical stmmoary of cruise stations by area, parameter
and agency is provided in Chapter 3.4: "Overview of
OERS Cruise Inventory on Japanese Sea Straits."

o Major data collectors in both Japan and Korea, along
with their geographical jurisdictions, survey ships
and data volume, are described. (See Chapter 1. 3:
"Principal Data Collectors" and Chapter 1.4: "Tide
and Tidal Currents").

o A detailed chronology of principal oceanographic events
relating to oceanographic data collection practices in
Japan and Korea, including institutional evolutions
and major oceanographic programs, is presented. (See
Chapter 2.1: "Historical Perspective").

o Recent patterns and trends in the data collecting
practices in Japan and Korea are discussed in the report.
(See Chapter 2.2: "Patterns and Trends").

o Current status of data archiving effort is reviewed, with
special eaphasis on the Japan Oceanographic Data Center,
in Chapter 2.3: "Status of Data Archiving".

o A descriptive oceanography relating to the Tsushima, the
Tsugaru and the Soya Straits is presented to identify the
current state of knowledge. (See Chapter 3: "Descriptive
Oceanography").

o An annotated bibliography is prepared to outline represen-
tative research efforts on the three sea strait regions.
(See Chapter 4: "Annotated Bibliography").
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The following entry conventions have lx'en used:

"PR(Xr" :

The entry is SEA STRAIT 1, SEA STRAIT 2, or SEA STRAIT 3,
respectively, for the Tsushira, the Tsugaru, and the S)ya Straits
(see Table 3-1). For the boundary of each of these sea strait
regions, see:

Figure 1-2 (A): Boundary of the Tsushima Strait region.

Figure 1-2 (B): Boundary of the Tsugaru Strait region.

Figure 1-2 (C): Boundary of the Soya Strait region.

"CRUISE":

Appropriate cruise codes were employed so as to include the
identity of data collector, the year and month of data collection,
and the sequence, if any, of data collection runs whenever it
was necessary to distinguish cruises which were conducted within
the same general time period by the same agency.

The cruise code for the Japan Hydrographic Office follows a
format:

IDEIIEII I-0I IFl- 111
L~LJI I

Year Month JHO Region No. Sequence

This particular example represents a cruise carried out by
the JHO Region No. 1 (Head Office at Otaru, Hokkaido) in September
1975. Since two cruises were carried out by this region office
during this month (though with different vessels), the sequence
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nuTber '1" is assigned to distinguish thai from each other. Since
the JHO Region No. I is based in Ikkkaido, the cruise code as shown
would imply that the data collection wds concerned with either the
Tsugaru or the Soya Straits. For the office location, geographical
jurisdictions and typical cruise tracks of various JHO region
offices, see:

Table 1-2: "Principal agencies engaged in serial

oceanographic observations'.

Figure 1-3: "Location map".

Figure 1-4. "Typical cruise tracks for serial observations
by Japan Hydrographic Office (JHO)".

Figure 1-5. "Typicdl cruisc tracks for serial observations
by Japan Fisheries Agency (JFA) and its
affiliated prefectural stations".

Figure 1-6: "Typical cruise tracks for serial observations
by Japan Meteorological Agency (JMA)".

Figure 1-7: "Fixed lines for serial observations by
Fisheries Research and Development Agency
and Hydrographic Office in Korea".

The cruise code for the Japan Fisheries Agency and its
affiliated prefectural fisheries experrnent stations follow a
dual format:

I ]
JFA Regional-- Laboratory

Prefectural Station Year Month Seuence

~- li



The first fooiit, FA-series, designates the Japan Fisheries
Agenc. and/or one of its Regional F.;heries Research Laboratories.
The second format, WK-series, designates a prefectural Fisheries
Experiment Station which usually functions in close coordination
with a JFA's Regional Fisheries Research Laboratory. '1he coding
conventions employed in this study are sunmaried in:

Table 1-2: "Principal agencies engaged in serial
oceanographic observations".

The cruise code for the Japan Meteorological Agency follows
a format:

I I
JMA Regional Year month Sequence

M.M.O.

The heading "MA" denotes Meteorological Aency, and the third
alphabetical character denotes one of the JMA's regional Marine
Meteorological Observatories (H for Hokkaido M.M.O., K for Kobe
M.M.O., N for Nagasaki M.M.O, M for aizuru M.M.O.) or the JMA
Headquarters (Q for Headquarters). The ensuing numerical codes
denote the year (2 digits), the month (2 digits), and a sequence
number (I digit) whenever more than one cruises were made during
the same month by the same agency. li
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"STAIUJS" :

All the entries are completed ("C") cruises.

"SRNSCRING ORCGANIZATION" :

The entry is headed by "JHO", "JFA", or "JMA" depending upon
the identity of the data collector's head agency followed by the
respective region identity such as:

JHO: REX3ION 1 through REGION 11.

JFA: HOKKAIDO, TC*OAU, TOKAI, NANKAI,
SEIKAI, NIHONKAI or NAIKAI.

JMA: HAKODATE, KOBE, NAGASAKI, MAIZURU,
or HQS (headquarters in Tokyo).

For prefectural fisheries experiment stations, only the name
of tie prefecture appears (with no agency heading), such as:

AOMORI KEN*
SAGA KEN*
FUKUOKA KEN*
YAMAGUCHI KEN*
SHIMANE KEN*

(*)KEN = prefecture

HOKKAIDO WAKKAN (i.e., Wakkanai)
HOKKAIDO HAKODA (i.e., Hakodate)
HOKKAIDO CHUO (i.e., Central)
HOKKAIX) ABASHIR(i.e., Abashiri)

"SHIP/PLATFORM NAME":

The same Japanese and Korean names could be spelled in more than
one way. Namely, "SHUMPU MARU" could also be spelled "SYUMPU MARU".
The names used should be construed as phonetic. "MARU" is a common
Japanese designation for a ship, which is occasionally missing for
some ships. The Korean counterpart is "HO".

"PLATFORM TYPE" :

The platform type is exclusively "research/survey ship" (code 01).

3-12



The start date listed in the data report may either mean the
departure date for a voyage or the actual start date of survey. In
either case, since the cruise usually takes place adjacent to the
bane port, there are only one to a few days of difference between
the two.

"STOP DATE":

Likewise, the end date could either mean the date of return to
a home port or the actual ending date of survey under way.

"1MILE SrEAIM":

This entry is usually left unfilled, as the cruise tracks are
generally fixed over many years and an apprcxumate estimation can
be readily made fron the published cruise track charts (Appendices I,
II and III).

"GN3DL OCEAN AREAS":

There are four "general ocean areas" in the study area:

East China Sea : 3E
Sea of Japan : 3J
Sea of Okhotsk - 3Q
North Pacific Ocean: 3A

For immediate upstream and downstream sides and inside the
channel of a sea strait, both of the adjacent ocean areas are named.
For an area far upstream or far downstream, only one of the ocean
areas is named.

"TYPE(S) OF MARINEZONE(S)":

Usually, the cruise relating to a sea strait takes place on the
continental shelf (07), but it could also be on an open sea (06) at
the same time, depending upon the location of a ship during a cruise.
No special effort was made to distinguish the two, and the entry
was usually named "open sea" (06). An additional code "15" was
introduced, with the approval of the Naval Oceanographic Office,
to designate a sea strait.
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"DECLARED NATIONAL PROGRAM?":

The number of cruises which are designated as "Declared
National Program" (DNP) has been increasing in recent years. The
DNP data is eventually forwarded to the World Data Center, but
some uncertain amount of delay is usually expected between the
time of data acquisition and the time of data delivery. Although
the JODC annually has been publishing in its supplemental issues
of JODC News the UNP-designated cruises (since 1972), this entry
has been left unfilled for the time being.

"EXCHANGE RETRCTED?' :

The entry is "NO".

"COOPERATIVE PRO 1"

This means "international" cooperation. The entry has been
left unfilled, pending more detailed investigation.

"INTERNATIONAL CORDINATOR"

This entry has been left unfilled, pending more detailed
investigation.

"PARTICIPATING AGENCY":

This entry has been left unfilled, pending more detailed
investigation.

"SCIEnTISTS IN CHARGE":

The name of a scientist in charge has been entered whenever
it was available in the data reports. When a scientist in charge
was not known, the entry only gave the organization and its address.
For the JHO data, only one name was used consistently:
Mr. Shozo Yoshida, associate director of the JODC at the JHO
Headquarters in Tokyo. It is advised to contact Mr. Yoshida
whenever a clarification is sought on Japanese oceanographic
data irrespective of collecting agencies:

Mr. Shozo Yoshida
Japan Oceanographic Data Center
Hydrographic Office, Maritime
Safety Agency (Kaijo Hoan-cho)
5-3-1 Tsukiji, Chuo-ku, 104
Tokyo, Japan
Telephone: Tokyo (03) 541-3811
Telex: (03) 252-2452
Tclefax: (03) 545-2885
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Regarding Korean data, an inquiry may be directed to
Mr. Suk-Woo Lee, current President of the Oceanological Society
of Korea:

Mr. Suk-Woo Lee
Korean Ocean Science and Engineering Corp.
214-5, Huam-Dong, Yonqsan-ku,
Seoul, Korea
Telephone: Seoul 793-1684
Cable Address: KOSEORP, SEOUL

"(XIEIS" :

This entry space is organized into four parts:

Coveraqe: Specific location of the cruise relative to the
sea strait. The entry may state such as "Upstream
of Tsushima Strait", "Downstream of Tsushima
Strait", "Far Upstream of Tsushima Strait", etc.
For the west coast of Hokkaido, which would either
belong to a downstream region of the Tsushima
Warm Current beyond the Tsugaru Strait or an
upstream region of the Soya Strait, the entry is
usually "West of Hokkaido".

Data
Report: The entry gives the name of the data report, its

issue and year of publication, publisher, and the
holding libraries in the U.S., usually the Scripps
Institution Library at La Jolla, California, and
the Woodshole Oceanographic Institution Library at
Woodshole, Massachusettes.

Data
Content: Number of occupied stations are given for serial

observations, BT stations and GEK stations.

Camments: Any additional appropriate ccment, as necessary.
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3.4 Overview of OERS Cruise Inventory on Japanese Sea Straits

Table 3-2 summarizes the number of cruises which were entered
into the OhERS Cruise Inventory file in this study, shown by the
sea strait region, agency and year. A total of 2,025 entries were
accoxxplished in this study, excluding the cruises performed by the
Korean agencies. The cruises performed by the Japanese agencies
prior to about 1960 exist in scattered local agencies and could
not be fully consolidated. However, the number of annual cruises
prior to 1960 was generally few, and the number of cruises missing
for this period probably did not exceed a few hundred.

Table 3-3 sumrarizes the data volune which were entered into
the OERS Cruise Inventory file. Several interesting facts aerge
fram these statistics:

o The Tsushima Strait enjoyed the intensive surveys by the
Japanese agencies, followed fairly closely by the Tsugaru
Strait. The Soya Strait is the least surveyed of the
three sea straits.

o In the Tsushima Strait, there exists an extensive amount
of serial observations due mainly to the heavy contributions
by the five prefectural experiment stations facing the
strait which traditionally maintain a strong interest in
fishery oceanography. In contrast to the Fisheries Agency,
the JHO and the JMA mainly resort to GE and BT measure-
ments in the Tsushima Strait.

o In the Tsugaru Strait, the Fisheries Agency again is the
most important contributor of serial observations; the
JHO conducted the most amount of GEK measurements; and
the JMA contributed the most amount of BT measurements.
The JHO's emphasis on GEK and the JMA's emphasis on BT
measurements in the Tsugaru Strait both outweighed those
in the Tsushima Strait.

o In the Soya Strait, the JFA's serial observations and the
JHO's GEK measurements constitute a dcninant part of the
overall data population.

o The JFA has not begun to use GEK in its oceanography
operations.

All the three straits and all the three Japanese agencies
ccmbined, the amount of data which were entered in the OERS Cruise
Inventory file thus far totaled 30,690 serial stations, 14,881
BT casts, and 25,027 GEK measurements.
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TABLE 3-1. Code designation of the thre sea strait rcN'ions
adjacent to Japan in the OiT S Cruise Data inventory.

OERS CRUISE DATA INVENTORY CODING
SEA STRAIT ,

REGIONTPE FPROJECT GENERAL OCEAN AREA TYPE OF
MARINE ZONE

SEA STRAIT
Tsushima 1 3E, 3J 15

SEA STRAIT
Tsugaru 2 3J, 3A 15

2

SEA STRAIT
Soya 3 3J, 3Q 15

Note: 3E East China Sea

3J Sea of Japan

3A North Pacific Ocean

3Q Sea of Okhotsk

15 Newly introduced code, designating a
sea strait under the marine zone
category.
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TABLE 3-2. Sumary of cruises ccupiled into
OGRS Cruise Inventory file.

NUMBER OF CRUISES
SEA STRAIT YEAR

JHO JFA JMA

1951 - 7 -
52 - 7 -

53 - - _
54 - - -
55 - - -

56 7 - -

57 6 - -
58 7 - 5
59 4 - 3
60 4 - 4

61 6 - 5
62 4 - 5
63 3 47 6
64 5 62 7

TSUSHIMA 65 5 61 6

66 3 67 3
67 4 63 6
68 6 65 2
69 9 67 10
70 9 65 2

71 3 36 6
72 4 66 7
73 10 55 4
74 14 48 6
75 5 40 3

76 9 - -
77 - - 2
78 - - 3

SUBTOTAL 127 756 95
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TABLE 3-2. SUnmary of cruises compiled into
OERS Cruise Inventory file. (Cont'd)

NUMBER OF CRUISES
SEA STRAIT YEAR

JHO JFA JMA

1951 - 1 -
52 - - -

53 - - -

54 - - _
55 - - -

56 10 -
57 9 - -
58 15 - 4
59 10 - 2
60 5 - 4

61 5 - 6
62 9 - 7
63 2 25 4

TSUGARU 64 4 31 3
65 7 37 4

66 11 34 3
67 6 33 6
68 3 37 5
69 9 39 7
70 9 41 9

71 14 13 2
72 6 52 7
73 12 56 4
74 11 54 7
75 16 43 2

76 13 - -
77 - -4

SUBTOTAL 183 496 90
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TABLE 3-2. Sumary of cruises ccrnpiled into
OERS Cruise Inventory file. (Cont'd)

NUMBER OF CRUISES
SEA STRAIT YEAR

JHO JFA JMA

1951 - 2 -

52 - - -

53 - - -
54 - - -
55 - - -

56 5 - -

57 8 - -
58 8 - -

59 7 - -
60 2 - -

61 1 - -

62 1 - -

SOYA 63 1 9 -
64 2 8 -
65 1 7 -

66 1 8 -

67 4 7 1
68 6 8 -

69 4 13 -
70 3 10 -

71 8 4 -

72 14 18 -

73 23 12 -

74 16 3 -
75 26 9 -

76 21 - -

SUBTOTAL 159 118 1
3-2
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TABLE 3-3. Data volume in OERS cruise inventory
file for sea straits around Japan

DATA STATIONS
SEA STRAIT AGENCY DATA YEARS

SERIAL BT GEK

J110 456 1,702 5,573 1956-76

Tsushima JFA 13,920 757 0 1951,52,63-75

JMA 2,475 2,573 7,098 1958-78

Subtotal 16,851 6,032 12,671

JHO 497 1,148 6,202 1956-76

Tsugaru JFA 8,729 1,545 0 1951,52,63-75

JMA 1,736 4,995 3,594 1958-78

Subtotal 10,962 7,688 9,796

JHO 243 524 2,551 1956-76

Soya JFA 2,630 628 0 1951,52,63-75

JMA 4 9 9 1958-78

Subtotal 2,877 1,161 2,560

JHO 1,196 3,374 14,326

Total JFA 25,279 2,930 0

JMA 4,215 8,577 10,701

Grand Total 30,690 14,881 25,027
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4. DESCRIPTIVE OCEANOGRAPHY

4.1 Tsushima Strait

Overview of Problems

one of the most interesting and yet unresolved problems
relating to the Tsushima Warm Current is: where and how the
Tsushima Warm Current does originate. A prevailing view in the
past has been that a current branches out from the Kuroshio at
same location southwest of Yakushina (south of Kyushu), which
then moves northward as the Tsushima Warm Current along the
west coast of Kyushu. Numerous attenpts to establish an evidence
linking the Kuroshio and the Tsushima Warm Current have been
unsuccessful (Nagata, 1980). Buoys released in the area west
of Kyushu where the presence of the northbound Tsushima Warm
Current is suspected have tended to either reveal local
stagnation with insignificant current velocities or southward
excursion. A new concept which has appeared recently (Minato
and Kimura, 1980) hypothesizes that a current is driven into
the Tsushima Strait by a pressure gradient generated between
the Tsushima Strait and the Tsugaru Strait by the western
boundary current of the subtropical Gyre in the North Pacific.
Since the western boundary current is not directly contiguous
to the Tsushima Strait, it appears that the oceanographic and
meteorological conditions in the intervening region between
the boundary current (the Kuroshio) and the Tsushima Strait,
as well as the pressure gradient between the Tsushima and
Tsugaru Straits, should play a role in influencing the volumle
transport and its fluctuations.

Another interesting problem relating to the Tsushima
Strait is the behavior of the Tsushima Warm Current extension
inside of the Tsushima Strait in the Sea of Japan. Numerous
studies have been published regarding whether the extension
forms two or three branches, or it rather forms a meandering
system, or both. Although the recent trend of thought appears
to favor the possibility of "meander", oceanographic data
stations are still too coarse to ascertain the exact situation.
In the view of the present writer, the behavior of the Tsushima
Warm Current extension in the Sea of Japan would depend largely
upon the Japan Sea Polar Front, although this possibility has
not been stressed in the literature. The Japan Sea Polar Front
maintains conspicuous presence in the Sea of Japan dividing the
cold water of the northern Sea of Japan from the warm water on
the south which is connected to the East China Sea and the

4-1



Pacific Ocean. The dominant presence of the Japan Sea Polar
Front is exemplified by its width as large as 200 kn or mrore,
which is indicative of the intensity of iraxing along its front,
and by the length which often stretches over the entire Lst-

west width of the Sea of Japan.

Upstream Recion

Among the topical subjects in the upstream region of the
Tsushime Strait are: (1) the formation of characteristic water
mass of the Tsushima Warm Current, and (2) the branching of the
Tsushima Warm Current fron the Kuroshio.

There have been numerous studies on the upstream region of
the Tsushima Strait. (See, for example, Seikai Fisheries Research
Laboratory, 1973.) A large amount of oceanographic data were
collected along the Kuroshio region between Taiwan and Yakushima
(See Figure 4-1) during the CSK (Cooperative Study of Kuroshio)
program, 1965 - 77 (JODC, 1981). Recently, during 1972 - 1975,
Japan conducted a comprehensive investigation of the East China
Sea under a joint program among the Japan Hydrographic Office,
the Fisheries Agency, and the Japan Meteorological Agency under
the financial management of the Science and Technology Agency
(S.T.A., 1977). Research/survey vessels of the JFA Seikai
Fisheries Research Laboratory, the prefectural fisheries experiment
stations of Nagasaki, Saga and Fukuoka Prefectures, the JHO Region
No. 7 (based at Kitakyushu) and No. 10 (based at Kagoshima), and
the JMA Nagasaki Marine Meteorological Observatory, routinely
cruise the upstream region of the Tsushima Strait, including the
East China Sea close to the Yangtze River estuaries and part of
the Yellow Sea.

Figure 4-2 shews a schematic rendition of major water mass
distributions and currents (K.F.P.D.C., 1976). The Kuroshio,
moving in the northeast direction over the continental slope of
the East China Sea, exhibits a strong (1-3 knot), narrow (a core
region with over 1.0 knot only about 30 n. miles wide) current,
and mixes with waters of the East China Sea. It is believed that
the Kuroshio yields a branch bound for the Tsushima Strait as it
turns east toward the Pacific Ocean at a point about 100 n. miles
west of Yakushima. The branch then moves northward on the west
side of the Goto Retto (Goto Islands or Archepelago) while
continuously mixing with the East China Sea water and, depending
upon the season, partly with the Yellow Sea water. Upon reaching
a point south of Jeju Island, this branch is believed to bifurcate
into two currents: the Yellow Sea Warm Current which veers north-
west toward the west coast of Jeju and Korean Peninsula, and the
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Tsushima Warm Current which veers eastward bound for the East and
West Channels of Tsushima Strait. As it approaches and subsequently
enters the strait, the Tsushima Warm Current again mixes with
coastal waters on both of its flanks with the South Korean Coastal
Water and the Western and Northern Kyushu Coastal Water.

Thus, in the course of a journey from west of Yakushima to
the strait, the characteristic water of the Tsushima Warm Current
is formed as a result of mixing between the oceanic water of the
Kuroshio and at least three water bodies of distinctly coastal
origin: Mainland China Coastal Water, South Korean Coastal Water,
and the Western and Northern Kyushu Coastal Water. Because these
interacting water masses are highly contrasting in density, the
formation of fronts and rips (or shiome in Japanese) has been well
recognized in the mixing zones (see Figure 4-2). Since the dis-
tribution and characteristics of these coastal waters are highly
seasonal, the water mass composition of the Tsushima Warm Current
fluctuates considerably by the season.

Figure 4-3 shows T-S properties of water masses along the
upstream path of the Tsushima Warm Current. The points are
numbered sequentially in the current direction, as shown in
Figures 4-1 and 4-2. Notice that the Kuroshio, the original
water of the Tsushima Warm Current, is characterized by higher
temperature and higher salinity than any other water masses in
the region. In wnter, both temperature and salinity drop
slightly below 20 C and 34.6 PPT, respectively, at the surface,
but exhibit little seasonal change below a 200-m depth.

The other extremne is the Mainland China Coastal Water which
exhibits both temperature and salinity lower than any other waters
in the region. Namely, at Position 7 (31-O0N, 124-OE), where a
depth is about 50 meters, tenperature and salinity are around 9°C
and 32.3 PPT, respectively, from surface to bottam in winter. In
summer, the surface salinity at this location falls to as low
as 29.0 PPT, while the surface temperature climbs to about 26 0 C.

In winter, surface temperature of the upstream Tsushima
Warm Surrent falls distinctly as it approaches the strait, say
to 17 C at SW/Goto, 140C at NW/Goto, and 13-149C in the strait,
but without so nch change in salinity (i.e., from above 34.6 PPT
to about 34.3 PPT). In sumner, there is a more pronounced drop
in salinity than in tenperature on the surface, as there is a
greater degree of encroachment of the low-salinity coastal waters
toward the side of the Tsushima Warm Current. Since the mixing
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is confined to the surface layer, which also is heated seasonally,
a stratification is well developod in the Tsushima Warm Current
during this season

The South Korean Coastal Water exhibits higher salinity than
the Mainland China Coastal Water both in winter and sumrner. The
South Korean Coastal Water, when well developed in winter and
during the monsoon season in early sumxer, expands into the West
Channel, thereby pushing the Lxis of the Tsushima Warm Current
toward the east against the coast of Kyushu. Figure 4-4 shows
the fluctuation of the South Korean coastal front by season during
1969 (Gong, 1971). Tetperature and salinity fronts generally
coincided in winte- as the sharp front became stabilized in the
West Channel fron fall to winter, whereas they did not necessarily
coincide in surwex when the front expanded as far as the East
Channel.

Strong influence of the continental coastal waters on the
upstream portion of the Tsushima Warm Current coupled with the
influence of the annual fluctuation of the Kuroshio which would
affect the intensity of mixing and entrainment along the boundary
with the East China Sea water may thus be considered to account
for the two well-eown characteristics of this current: its annual
variability as a result of the inherent fluctuations and cycles of
the runoff fram the major rivers, and the vertical mixing which is
typically limited to the upper layer due to the shallow depth of
the coastal waters (to about 200 m below the surface).

The fronts arxi rips (or Shicm) which are recognized along
the Tsushima Warm Current in its upstream region (Figure 4-2) are
known to be typically limited to the surface layer. Figure 4-5,
showing cumulative monthly annalies of water temperature at
different layers in the East Channel of the Tsushima Strait,
demonstrates the extreme annual variability of the Tsushima Warm
Current. One noties a sustained 14-year increase in tenperature
between 1948 and 1962, followed by the abrupt ccmmencerent of a
steep down-turn in the ensuing decade. The presence of an average
6-year cycle is also readily recognized.

Table 4-1 suinarizes characteristic temperature maxima and
minima for typical water masses in the upstream region of the
Tsushima Strait.

Figure 4-6 shows seasonal sea surface teniperature variability
from the values in the upstream region of the Tsushima Strait.
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Fiqurt 4-7 presents t scAiutic view of three suspected branch-
ing patterns west of Yakushima. In the vicinity of the suspected
branching, the current patterns are reported to be highly complex,
and no clear evidence of distin(t branching has been uncovered
(Nagata, 1980).

Figue 4-8 shows typical seasonal current patterns in this
area, deterun.ed iiistly fran GFK measurenents and partly fran
dynamic calculations, in which the velocity is shown in knot. In
an area west of Yakushima where the northward-flowing Tsushima Warm
Current is broadly defined, the northward volume transport has been
calculated to be from 5 to 15 Sv (as compared to 30 - 50 Sv for the
Kuroshio, southeast of Yakushima). Volue transport through the
Tsushima Strait is reported to be 1.6 - 1.9 Sv in the East Channel
and 1.7 - 1.9 Sv in the West Channel (YL, 1966).

The current regime in the upstream region of the Tsushima
Strait are rendered further complex by a strong influence of tidal
current (see Figure 4-9). Whereas the velocity in the Tsushima
Warm Current is rated at 0.5 - I knot in its upstream region, the
tidal current in the shallow continental shelf of the East China
Sea ranges between 0.8 and 3.3 knots at peak phases (K.F.P.D.C.,
1976), oriented mostly in the direction of the major axis (NW-SW)
of the East China Sea/Yellow Sea besin. Figure 4-10 shows bottom
currents fran fixed measurements, indicating the possible carbined
influence of both ocean and tidal currents.

A comprehensive predictive computation of tide and tidal
current has been performed recently by Choi (1980). The computation
extends to an entrance area of the Tsushima Strait. An example of
his results is shown under Chapter 4: Annotated Bibliography,
Tsushima Strait.

A scmewhat contrdstin view -As been advanced recently re-
garding the driving force for the inflow into the Tsushima Strait.
Althouqh this new approach does not necessarily reject the
conventional notion on the branching of the Tsushima Current frcn
the Kuroshio at its origin, it hypothesizes that the inflow is
caused by the pressure difference between the Tsushima Strait and
the Tsugaru Strait along the western boundary of the subtropical
gyte (Manato and Kimura, 1980). These investigators deionstrated,
by solvinq a .;teady linea ized vort icity equation on a Beta plane
with two openings (sea straits) on the western boundary, that that
bounddry currnt will indeed penet rate into a marginal sea fi ii
the south'r-n openinq ardr exit through the northern opeing, driven
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by the pressure grddient toniii rI Ltween the two openings along
the, boundary currert. By nuplik-dtiux)s, the result further stresses
that the 'T,;ushuiki Waiiu iurent is senscitively snubjected to oceanic
uiflucncus of t-t, spit ial and ti X )pdo lCLI cuqkiJabltc to those
of the Kuroshio.

Figure 4-11 shows the bathymetry of the Tsushini Straiit. The
bottom topography of the? Tsushima Strait is esse.tially a continu-
ation of the continental shelf of the East China Sea. It consists
of a relatively flat sea bixx with an average depth of ,Lut 100
neters, its monotoneity interrupted only by: (1) tht presence of
the Tsushirra Island approximately in the middle of the Strait,
(2) very irregu.1ur coastlines both on the Korean and Japanese
coasts flanking the north and south sides of the Strait, and
(3) a local depression about 200 iinters deep on the West Channel.
The bottom of the West Channel is nore steeply sloped against the
Korean coast because of this depression. On the Japan Sea side
of the Strait, there is a very broad shallow bed to the northeast
of the East Channel, wherads the West Channel continues for about
110 km north of the Tsushu u .IAa where it encounters a steep
slope descending to the abyss of the Sea of Japan. The Strait
is about 50 lcn wide at its narrowest width in the West Channel
betw&wen Dusan and Sasuna, and about 47 km wide in the East Channel
oetween Southern Tsushrai Islain and Iki Island. Measured between
Ulsan and Kawajiri Misaki, the Strait is 90 k]n wide. A major
river in this rogion is the Nakdong River of Korea which enpt ies
at a point only about 10 kU wu.st of BLIsan.

Amongs the topical subjects relating to the Tsushima Strait
Channel region are: (1) volume transport, (2) mixing at the coastal
front, and (3) dynamics of current.. One of the earliest estimates
(Miyazaki, 1952) placed ti volume transport through the Tsushma
Strait at 0.3 - 3 Sv, variable with one order of augnitudc.
Moriyasu (1972) estimated it to be about I Sv. Given the extreme
dependence of the Tsushiui Wanu current on the dynamics of various
water masses in its upstream reiions, a high dcjree of variability
in thu vol u1W transport t f ?ut, ,;i i t I trit both of seasonal and
secular naturt, zd4)uld Lxe cxp'cctkd.

ThuLs tar, the ;tudy by Yi (19D6) probably sheds th, r nait
coanprehensive light on this subject. Over the: cnt ir- widt h ot
about 110 n. miles along Line 208 (between Ulgi of Korea and
Vawajlri miisaki of Jalukn), he performned a geostrophic coxputation
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(Figures 4-12, 4-13). On a seasonal basis, the northward transport
increased rapidly from about 0.6 Sv in May to about 2.0 Sv in July.
It remained high around 2.0 - 2.2 Sv durig the ensuing five months
to November, before dropping rapidly to about 0.6 Sv by January.
During a four-month period fron January to April, the transport
remained low between about 0.6 and 0.4 Sv. During this low-
transport period, there was also an outflow at about 0.2 Sv,
whereas an outflow was virtually nil during the peak inflow
season July-November. Thus, the volune transport varied seasonally
by a range of about 2 Sv within the year.

Reviewing the transport data 1932-1941, Yi (1966) finds that
annual mean values of net volune transport varied from a high of
1.3 Sv in 1935 to a low of 0.8 Sv in 1939 (Figure 4-13). In
terms of northward transport, the variation was between a high
of 2.7 Sv in 1932, 1936 and 1940 to a low of less than 0.4 Sv in
1934 and 1939. He points out a cyclic behavior of mean annual
transport with an average periodicity of about 4 years. The
investigator further ascertains that in light of the anomalous
behavior of the Kuroshio which began in 1934 and the coincident
decrease in volume transport through the Tsushima Strait as well
as the formation of a well-developed bottom countercurrent which
occurred along the East Coast of Korea in the same year, fluc-
tuations in volume transport through the Tsushima Strait may have
been closely related to the secular variations of the Kuroshio,
the Oyashio, and the North Korea Cold Current.

Yi (1967) was also among the first to investigate the sea
level variations with special reference to the current in the
vicinity of the Tsushima Strait. He performed analysis of the
monthly mean sea level data between around 1962 and 1966 at
Ullungdo, Mu&kho, Ulsan, Pusan (or Busan), Chinhae, Yosu, Cheju
(or Jeju), Mokpo and Inchon. The variations in monthly mean sea
level were related mainly to steric and atmospheric pressure
effects. The steric effect was most pronounced on the east coast
facing the Sea of Japan and the south coast facing the Tsushima
Strait, particularly at Pusan. Additional causes were river
runoff on the west coast, and possibly the fluctuation of oceanic
currents along the east and south coasts. The monthly mean sea
levels were high in sumrer-fall and low in winter-spring, with a
range of 20 - 50 cm.

Recently, precision measurements of currents with moored
arrays have been performed in the Tsushima Strait. Burns (1975)
analyzed six current meter records from the East and West Channels
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which resulted fran the NAVOCEANO Project Nugget Ranch during
October-Novenber, 1972. Table 4-2 shows the results of analysis
by Burns (1975). The dcAninent constituents were M2 tide at all
depths and in both channels, followed variously by KI, S2 and 01
tides, not necessarily in that order.

The Japan Hydrographic Office conducted current measurements
during a 55-day period fron August to October, 1969, as part of
the omprehensive study of the Sea of Japan (Science and Techn.
Agency, 1971). Figure 4-14 shows the distribution of flood and
ebb currents and non-tidal currents from the JHO observations
in 1972.

Lee (1970) in 1968 and 1969 performed current measurements
on 4 levels at 3 locations in the West Channel. The greatest
observed current speed in his records was 3.3 knot occurring in
both NE and SW directions. The August 1968 records revealed the
occurrence of an outflow from the Sea of Japan at levels lower
than 50 m. Net volume transport in the West Channel remained
stable around 1.2 Sv during the three separate measurements in
August and Deceber, 1968 and March, 1969.

The water mass characteristics in the Tsushima Strait have
been investigated by a number of investigators. Figure 4-15 shows
time histories of water temperature at various locations adjacent
to the Tsushima Strait (Seikai Regional Fisheries Research
Laboratory, 1973). An alternating sequence of a seasonal summer
tbermocline to about 50 - 100 m below the surface and a good
mixing in the water colnin during winter months is a characteristic
feature throughout the whole adjacent region including the East
and West Channels. It is also interesting to notice that the
appearance of a cold bottcn water, pronounced only in the East
Channel, exhibits an emulatory relationship with the thenmocline:
when the cold bottom water is well developed, the thermocline is
shallower, and when it is less developed, the thermocline is
deeper. This may imply that the degree of encroachment of the
Japan Sea Cold Water may have bearings on the effective cross-
sectional area of East Channel through which the water arriving
fram the south can be accamodated. Also interesting is the
fact that the behavior of isothensi in the East Channel resenbles
that off the Goto Islands, while the behavior of isotherms in
the West Channel is rnre ;U1 wi to that of the Jeju Strait.
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The Korean Ocean Research and Development Institute in 1978
canpiled a cctprehensive analysis of tanperature data in the Korean
waters (Hahn, 1978). This report provides plottings of temperature
data on the basis of the sectional surveys which mainly took place
between 1961 and 1975, and some dating back to 1922. It gives a
particularly detailed presentation of data along Lines 207 and 208
which traverse the Tsushima Strait West Channel and a downstream
area, respectively.

Figure 4-16 shows mean monthly temperature distribution at two
levels (surface and -100 m) on a bimonthly basis, extracted from
the KORDI report. Figure 4-17 shows mean monthly temperature for
all sectional survey stations of Lines 207 and 208. Figure 4-18
shows mean temperature sections on a bi-nonthly basis along Lines
207 and 208. These two Lines, which both run astride the Tsushima
Strait, have been most intensively surveyed by the Korean agencies,
data for Line 207 dating back to 1922 and that for Line 208 to 1932.

Dynamics close to the coastal boundary in the Tsushima Strait
region has been a subject of major interest to fisheries oceano-
graphers both in Japan and Korea. The coastal waters from the
South Korean coast and from the western and northern coast of
Kyushu, converge on both flanks of the Tsushima Warm Current.
Additionally, the North Korea Cold Current moves southward along
the east coast of Korea, bound for the West Channel.

Tsujita (1952a, b, c) documented extensively the occurrence
of frontal structures, meso-scale eddies and circulations in the
region of the Tsushima Strait (see also Chapter 4: Annotated
Bibliography: Tsushima Strait). Ogawa et al. (1977) pointed out
that the distinct low-salinity waters off the western and northern
coast of Kyushu were predominantly influenced by the low-salinity
water originating frn the upper water of the Tsushima current
offshore, rather than the influx of fresh water fran local rivers.
As already mentioned, Gong (1971) sho,-d distributions of the
South Korean coastal front exhibiting seasonal expansion and
contraction in the West Channel of the strait (see Chapter 4:
Annotated Bibliography, Tsushima Current). Recently, Huh (1973,
1976) applied a satellite surveillance method to monitor the
spatial behavior and fine details of the South Korean coastal
fronts with considerable success.

There have also been intensive studies by Korean oceanographers
on the upwelling processes occurring along the coast facing the
West Channel. Figure 4-19 , adapted f rom Lim and Chang (1969), shows
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APRIL (Courte;y of VORDI)
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JUNE (Courtesy of KORDI)
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AUGUST (Court ir.-y of tR-ODI)
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OCTOBER (Courtesy of KORDI)
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DECEMBER (CoUrLecy of KURDI)
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Figure 4-19.* Schematic showing of water maess distribu.tion
in the vicinity of upwelling zone on the east
coast of Korea. (Adapted from~ Limn and Chang,
1969.)
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this process. Figure 4-20 shows the temperature sections during

the upwelling season along Lines 207 and 208, both running across

the Tsushima Strait. The water contained in the upwelling region

is characterized by tenperatures 3 - 10 0 C and salinities 34.0 -

34.4 PPT. Once on the surface, the cold water spreads in the
alongshore direction adjacent to the coast, its southerly edge
approaching as far as the Busan-Tsushima line (Line 207).

Lee (1978) postulates that the upwelling process observed
during sumnear off Ulsan results from the surface divergence
associated with an anticlockwise gyre which is driven by the
inflow of the Tsushima Warm Current throuqh the West Channel.

4.2 Tsugaru Strait

Overview of Problems

Oceanographic processes relating to the Tsugaru Strait are dis-
cussed for three geographical regions: the inflow region, the
channel, and the outflow extension.

In the inflow region, the proportion of the volume transport
of the Tsushima Warm Current which flows into the Tsugaru Strait
has been and still remains the subject of intense studies. The
problem may be expressed in three distinct questions: (1) What is
the dynamic structure of the approaching Tsugaru Warm Current?
(2) How the stratification in the approaching current interacts with
the shallow sill at the entrance? (3) What is the dynamic balance
of the inflow at the entrance?

The dynamic structure of the approaching current has not been
sufficiently elucidated to determine whether the current exists as
separate branches or, as the prevailing view suggests, the branches
have regrouped themselves into a single coherent stream in the
vicinity of Nyudo-zaki. In the view of the present writer, the
degree to which the branches would regroup should depend upon the
location and strength of the Japan Sea Polar Front, whereas the
literature fails to give sufficient emphasis on this apparent
possibility. Ga( data and drift bottle studies indicate that the
branches nore or less retain their identity while tending to
converge near the Tsugaru Strait.

The limited depth of the sill at the entrance would allow only
the water above or close to this depth to be drawn into the channel.
This is a classical case of selective withdrawal - a process well
known in estuary hydrodynamics. Although a growing number of
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studies are addressing the subject of water mass stratification in
the inflow region, relatively few studies have focused on the
interaction between the stratification and the sill.

The attention of the dynamics of current in the strait channel
was partly instigated by the need for tidal current prediction and
partly by the navigational hazards posed by a large number of
drifting mines found in the channel for several years after
World War II. The subject received detailed hydrodynamic analysis
in a recent study by Conlon (1981).

The oceanographic processes in the region of the Tsugaru Warm
Current extension are highly complex as the region is characterized
by the interaction among the Oyashio, the Kuroshio extension, the
Oyashio Front, and the outflow from the Tsugaru Strait. An increas-
ing use of satellite remote sensing imagery is being made recently
by Japanese oceanographers to supplement cruise data in this region.
Possible occurrence of distinct modal behaviors of the outflow as a
function of the internal Rossby radius of deformation, recently
suggested by Conlon (1981), is an interesting insight.

Inflow Region

Figure 4-21 shows the general geographical features of the
Tsugaru Strait with a 200 m isobath. The coastlines surrounding
the Strait are quite irregular. At the western entrance, it is
only about 20 km wide between Tappi-zaki and Shirakami-misaki
(i.e., -zaki and -misaki denoting "cape"). The channel further
narrows to about 17 km at its eastern end between Shiokubi-misaki
and Cma-zai. The length of the channel between these two narrow
widths is about 70 km. The distance between the western most
point (Tappi-zaki) and the eastern most point (Shiriya-zaki) along
the course of the channel is about 120 km. The shallowest portion
of the Strait is located at the western entrance between Tappi-zaki
and Shirakami-misaki where the water depth rises to about 130
meters, forming a sill. Between here on to the east, for about
60 km, the channel depth is generally deeper than 200 meters, but
the depth greater than 200 meters comes to a virtual nil at the
eastern end of the channel between Cma-zuki and Shiokubi-misaki.
It then again widens while becoming deeper further to the east
as the channel opens to the Pacific Ocean.

The dynamics governing the separation of the Tsushima Warm
Current into the Tsugaru Strait and the associated volume transport
have been among the key concerns of Japanese oceanographers. The
Japan Hydrographic Office (JHO) has been interested in these
subjects as they impact predictability of currents through the
Strait. The Japan Meteorological Aency' s (JMA) interest stemmed
mainly from the concern over the hydrography in the northern
Tohoku region of the Pacific side where the outflow of the
Tsugaru ',-arm Current and its subsequent expansion interact with
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the dynamics of the Oyashio and the Kuroshio. The Japan Fisheries
Agency (JFA) and its affiliated prefectural fisheries stations
were mainly concerned over the formation and distribution of
water masses and their meso-scale dynamics both in the Tsugaru
and Soya Straits regions as these are sensitively impacted upon
by the volume transport and the inflow dynamics at the Tsugaru
Strait. It goes without saying that the amount of volume
separating into the Tsugaru Strait from the Tsushima Warm Current
will be among the major governing factors affecting the volume
transport into the Soya Strait.

Several imlportant aspects of the problem concerning the
inflow dynamics at the Tsugaru Strait may be summrarized as follows:

(1) The Tsushima Warm Current, after entering the Sea of Japan
and further undergoing complex maneuvers in the downstream region
of the strait, consolicates itself into a more or less coherent
boundary current against the northwestern coast of Honshu at a
location approximately 130 km south of the Tsugaru Strait off
Nyudo-zaki (latitude 400N). It is not known exactly why and how
this re-consolication takes place. However, it is the view of the
present writer that the process is possibly related to the behavior
and location of the Japan Sea Polar Front which exhibits seasonal
fluctuation centered around this latitude. If this is the case,
the pre-inflow characteristics of the Tsushima Warm Current are
likely to undergo seasonal fluctuation influenced partly by the
Japan Sea Polar Front and partly by the seasonal volume transport
at the Tsushima Strait. Volume transport bound for the Tsugaru
Strait off Nyudo-zaki was estimated to vary between about 2 and 4
Sv (Science & Technology Agency, 1979). It is known to increase
from spring toward summer and fall, with an annual maximum occurring
in August.

(2) Since the water masses of the Tsushima Warm Current in the
inflow region have experienced a diversity of formation and alternation
of the original Tsushina Warm Current between the Tsushima Strait
and the point of reconsolidation south of the Tsugaru Strait, the
inflow dynamics at the Tsugaru Strait is deemed inseparable from the
processes of inflow extension and circulation downstream of the
Tsushima Strait.

(3) Since the Tsugaru Strait has a sill at the inflow section
only about 130 m deep, and also since the water in the approaching
i;us:wra Warm Current is stratified both vertically and horizontally,

* N, inflow process is very likely a case of selective withdrawal -
i ituation in which only the water within certain ranoes of depth
,'&w ;oxiuity to the Strait is drawn into the channel. This notion

,., A t - supported by water mass analyses in the inflow region
, . : 1')4: Science & Technology Agency, 1971) and also by the

irift btllIc experiments (Akagawa, 1955; Science &
.:.,'y. 1971).
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Figure 4-22 shows temperature and salinity distribution at
a 50-m level in the region where the Tsushima Warm Current makes
an approach toward the Tsugaru Strait, based on the recent data
collected by the JFA during the 3-Aqercv Caiiprchensive Study of
the Tsugaru Strait, 1975-1977. The bouniary of the Tsushima Warm
Current generally is located along the 6 - 7 C isothenr.

In March, the Tsushima Warm Current exhibits temperatures
around 80 c, and salinities around 33.9 PPT, its offshore boundary
near 7°C and 34.0 PPT indicating a width of nearly 40 ]m off
Iwasaki (40040'N). In May, temperatures and salinities both rose
slightly to 8 - 10°C and 33.5 - 34.2 PPT, respectively, in the
warm current region, with a concurrent increase of the width to
about 50 kn. In July, there has been a rapid rise in both tempera-
tures and salinities to 8 - 14'C and 34.10 - 34.50 PPT, respectively.
The width has now increased to more than 60 jqn off Iwasaki. There
has also occurred a conspicuous bending of the isotherms, suggesting
that the Tsushima Warm Current is now tending to veer east toward
the Tsugaru Strait. In September, this tendency has further
increased to such an extent that the Tsushima Warm Current is
headed directly to the Tsugaru Strait. Temperatures and salinities
in the warm current region are now 8 - 18 C and 34.10 - 34.50 PPT,
respectively. The core of the warm current in September is
located abogt 15 )n west of Iwasaki and about 25 k] off the
coast at 41 N, bound for the Tsugaru Strait. The bending of
the warm current toward the Tsugaru Strait has also induced shore-
ward encroachment of the cold offshore water, indicating that
the Tsushima Warm Current in its entirety has turned toward the
Tsugaru Strait.

Akagawa (1954) recognized the presence of several typical
water masses in the inflow region of the Tsugaru Strait, each
with distinct origin and processes of formation. Althiough the
water manss classification in the Tsushima Warm Current has since
been considerably more fine-tuned, the original grouping proposed
by Akagawa essentially retains their validity today.

These water rmasses are:

1. Coastal water (C)

2. Tsushima Warm Current Surface Water (Ts)
2-1. Coastal surface water (Tsc)
2-2. Core surface water (Tsb)
2-3. Cold-current mixed surface water (Tsl)
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3. Tsushima Warm Current mid-water (Mfn)

4. Linan Cold Cirrent surface water (L)

5. Japan Sea mi3-water (M)

6. Japan Sea dep water (D)

7. Japan Sea b)ttcn water (B)

Coastal water (C): The coastal water, which is doninantly
influenced by the land, has typical low salinity and high D.O.
and nutrient salts. It occurs in the vicinity of the Tsugaru
Strait, off Iwasaki, :Autsu Bay, between Esashi and Cape Shirakami,
and near Hakodate.

Tsushima Warm Current surface water (Ts): This water
generally occupies a shallow 25m of the warm current, and forms
a front on its western boundary against the Liman Cold Current,
located about 60 miles west of the entrance of the Tsugaru
Strait in summrer. This water mass consists of three subgroups
with distinct origin and processes of formation: Coastal surface
water (Tsc), core surface water (Tsb), and cold-current mixed
surface water (Tsl).

Coastal Surface Water (Tsc): It originates in the East
Channel of the Tsushkia Strait and moves as a boundary current
along the northern coast of Honshu, mixing with the coastal
waters along the journey.

Core surface water (Tsb): It originates in a branch of the
Tsushina Warm Current which, upon entering through the West Channel
into the Sea of Japan, undergoes meanders before approaching
Honshu fron off Sado Island toward Cape Nyudo-zaki. This water,
located just outside the Tsc, exhibits little influence from
other water masses in the Sea of Japan. It is also located around
the axis of the Tsushima Warm Current.

Cold-current mixed surface water (Tsl): This originates from
yet another branch entering the West Channel of the Tsushima
Strait which separates fran the Tsb to move northward along the
east coast of Korea. In the process, it mixes with the cold
surface water of the Sea of Japan along the so-called polar
front. It rejoins the remainder of the Tsushima Warm Current
between Iwasaki and the entrance to the Tsugaru Strait. This
water is otherwise known as East Korea Warm Current (Uda, 1934).
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Tsushi)a Warm Current ad-water (Tm) : This water is the
principal component of the Tsushima Warm Current, with its center
located between 50 and 75 m below the surface usually beneath the
Tsb.

Lian Cold Current surface water (L): This is the surface
water of the Lian Cold Current characterized by low salinity,
low tenVerature and high nutrient salts.

Japan Sea mid-water (M): In the Tsushimna Warm Current region,
this water has its center around 200-250 m below the surface. It
tends to subside from offshore toward the lower boundary of the
Warm Current.

Japan Sea deep-water (B): This water constitutes the original
water of the Sea of Japan along with the Japan Sea bottom water (B).
It is generally located deeper than about 400 m from the surface
beneath the Warm Current. Temperature, usually less than 10 C,
decreases with depth.

Japan Sea bottom water (B) : This is located deeper than
1,000 m, and is part of the original water of the Sea of Japan.

A schematic representation of water mass stratification
adjacent to the coast is shown in Figure 4-23. Figure 4-24 shows
a T-Cl diagram for the various water masses. It is recognized
that the water masses can be readily identified by characteristic
sigma-t values consistent with the order of stratification.
Namely, the Thi is characterized by a sigma-t value of 25.50, the
M by 27.00, and the D by 27.30.

In order to examine the transition of stratification in the
Tsushiiia Warm Current between the south and the north of the
entrance to the Tsugaru Strait, Figure 4-25 presents two T-Cl
sections, one off Gongen-zaki (41°I0'N, 12 kn south of Tappi-saki)
and the other off Esashi (41 0 50'N). It is readily seen that,
across the entrance to the Tsugaru Strait, the Tsushima Warm
Current, identified by a sigma-t value of 25.50, has diminished
considerably, whereas the water mass stratification below a
sigma-t 26.50 remained virtually unchanged.

Figure 4-26 shows T-S diagrams for March, May, July and
Septenber at three locations: off Iwasaki, off the Tsugaru Strait
west entrance, and off Esashi (41050N). It is mentioned that a
sigma-t value of 26.5 may be used as an indicator of the lower
limit of the inid-water in the Tsushima Warm Current in sunmer
(Akagawa, L94).
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In March, the convective cooling and consequent mixing during
the winter mnths have caused the water in the Tsushima Warm Current
to gain in signa-t to 26.5 - 26.8, with temperatures around 6 - 8°C
and salinities around 34.0 PPT. It is noticed that during this
month, a water with a sigra-t value less than 26.5 is virtually
absent. In July, a high salinity water with salinities higher
than 34.2 PPT made appearance in the mid-water of the Tsushima
Warm Current. This water, with temperatures 13 - 17°C, salinities
34.2 - 34.3 PPT and sigma-t values 25.0 - 25.8, is very likely a
fresh inflow into the Sea of Japan through the Tsushima Strait for
the season. However, during this month, a water with salinities
higher than 34.2 PPT and sigma-t values lower than 25.8 is missing
off the west coast of Hokkaido, suggesting that during this time
the fresh inflow into the Sea of Japan arriving here is being
entrained into the Tsugaru Strait in its entirety. In September,
a water characteristic of the mid-water of the Tsugaru Warm Current
makes a gradual appearance off Hokkaido, with salinities 34.2 -
34.3 PPT and sigma-t values 25.1 - 25.8. During this month, the
Tsushima Warm. Current spills mst of its transport into the Tsugaru
Strait and releases only a small portion toward the west coast of
Hokkaido. The water mass off the west coast of Hokkaido during
this month is still daminated by a water with sigma-t values
higher than 25.8 which has been formed in the Sea of Japan.

Figure 4-27 shows water mass distributions fram the JM data
between October 14 and November 3, 1970 (Science and Technology
Agency, 1971). Relative to Akagawa's notation, the following
correspondance may be noted:

(1) - C
(2) - Tsc and TsB
(3) - Tsl
(4) - L

(5), 5') - m
(7), (8) - M

(9) -Tm

(10) - B

It can be seen that the Tsushima Warm Current surface
water to a depth of 50 m flows into the Tsugaru Strait in its
entirety, but that the Tsushima Warm Current mid-layer water
would tend to bypass the entrance to move northward toward
Hokkaido at a 50-meter level while being entrained into the Strait
in substantial amounts at a 100-meter level.
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Drift bottle studies also bear out the tendency that the
currents are entrained into the strait in accordance with the
characteristic behaviors and distributions of individual water
masses. Figure 4-28 lists the results of drift bottle study
by Akagawa (1955) and those by a JMA 5-ship operation during
October-November, 1970. In the experiJent by Akagawa, the
bottles which drifted into the strait channel originated from
the locations of water masses C, Tsb and Tsc, the rest bypassing
the entrance to move northward. In the JMA experiment, a
omparatively larger number of bottles washed up on the west
coast of Hokkaido north of the Tsugaru Strait as they were
released further offshore from the coast. Percentage of the
number of bottles found on the Hokkaido coast to the total
recovered number for each individual release point was, from
coast to offshore, 0% (Chofu Maru, closest to shore), 13% (Seifu M.),
14% (Ryofu M.), 9% (Kofu M.), and 9% (Shumpu M.). Of a total of
151 bottles recovered, 45 bottles were found on the west coast
of Hokkaido, representing about 30%.

Recently, conlon (1981) investigated the dynamics of the
inflow processes at the Tsugaru Strait by conducting a detailed
analysis of steric sea levels in the adjacent waters. Figure 4-29
shows his results of steric height variations based on the JMA
5-ship operation in October and November, 1970. One can see
that there is a meridional drop in steric height along the coast
fram the south to the north toward the western entrance. The
volume transport of the influx into the Tsugaru Strait (T)
exhibited a high correlation with the meridional drop in sea
level (h), i.e.

T (Sv) = 7.85 x 10 - 2 h(cm) + 0.30 (r = 0.98)

Based on this relationship, he concluded that volume trans-
port into the strait was associated with a "relaxation" of setup
induced by the Tsushima Warm Current in the vicinity of the
Tsugaru Strait.

Channel Dynamics

Volume transport through the Tsuqaru Strait has been variously
estimated. Miyazaki (1952) estimated it to be 0.4 - 1.3 Sv. Yasui
and Hata (1962) proposed a transport range of 1 - 4 Sv. Hata (1973)
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indicated a seasonal fluctuation ranging from 1.7 Sv in winter,
1.8 Sv in spring, 4.4 in sumner to 4.0 in fall. During four
consecutive surveys made over a two-week period between October 13
to November 3, 1970, tw sets of closely agreeing transport
values of 1.6, 1.5, 1.8 and 1.6 Sv (Conlon, 1981) and 1.8, 1.4,
1.7 and 1.5 Sv were reported (Science and Technology Agency,
1971).

The flow field in the channel has been studied by a number
of investigators, among them Suda et al. (1932), Hikosaka (1953),
Hata (1973), and more recently the JHO (Science and Technology
Agency, 1971 and 1979) and Conlon (1981). It is known fram
these and other studies that the current in the channel forms
a core only about 20 kn wide, flanked on both sides by sidewall
eddies which are topographically trapped due to the configuration
of the channel boundary. Maximum speeds occur during the spring
phase in summer and winter, attaining as much as 4.5 - 5.5 knot
at the western entrance and 5.2 - 6.2 knot at the eastern exit.
These nixmn speeds are directed to the east due to the super-
imposition of tidal and ocean currents, and are usually higher
on the south than on the north sides of the core.

Figure 4-30 shows the measure ents of non-tidal currents
during the July-Noveniber period in 1970, 1975, 1976 and 1977 by
the JHO.

The harmonic constituents of tidal currents in the Tsushima
Strait have been well established through repeated studies by the
JHO. Table 4-3 shows harmnic constituents determined from the
recent JHO study (Science and Technology Agency, 1979). (See
Figure 4-30 for the exact location of the stations). It can be
seen that the daminant cc.onent is K] tide, followed by M2 and
S2 in the order named. Non-harmonic (ocean current) terms are
also indicated, which range between about 1.7 and 2.6 knot.

Conlon (1981) investigated momentum balance for the ocean
current in the channel to find that the principal balance within
the core current is likely to be between the pressure gradient
term and the vertical Ekran term. His analysis further indicated
that the longitudinal barotropic gradient is balanced mainly by the
longitudinal baroclinic pressure gradient , I friction. The
longitudinal Ekmran term was found negligible, whereas the lateral
Eknan term played sore role in the region of the sidewall eddies,
but not significantly within the core itself.
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Tsuaaru Current Etension

The Tsugaru Warm Current expands into the Pacific Ocean after
exiting through the eastern opening between Shiokubi-zaki and
Shiriya-misaki. (See Figure 4-31) The expansion generally becames
conspicuous in May, attains a peak intensity around August, and
decreases toward fall and winter. It is also generally recognized
that the outflow of the Tsugaru Warm current exhibit a greater
degree of secular fluctuation than the Tsushima Warm Current
approaching the western entrance of the strait. The water mass
entering the western entrance appears to take about a month to
reach the eastern outlet, as has generally been revealed from
water mass analysis (Science and Technology Agency, 1979).
Figure 4-32 shows frontal configuration of the expansion of the
Tsugaru Warm Current off the eastern exit during October and
November (Science and Technology Agency, 1971).

In terms of water mass characteristics, the water at the
eastern opening exhibits consistently higher temperatures and
higher salinities on the Honshu side, whereas the western entrance
is characterized by higher temperatures and lower salinities on
the Hbnshu side and lower temperatures and higher salinities on
the Hokkaido side during March and July, and by higher temperatures
and higher salinities on the Honshu side beginning in October. The
outflowing Tsugaru Warm Current is typically deeper on the Honshu
than on the Hokkaido sides.

Conlon (1981) was able to provide an interesting insight
into characteristic behaviors of the outflow expansion. It
appears that the outflow undergoes an extensive anticyclonic
gyral motion during the time of strong transport, and a behavior
as a boundary current during the time of weak transport. (Figure
4-24) Thelse distinct behaviors, named, respectively, "gyre" mode
and "coastal" node, appeared to alternate depending upon the
internal Rossby radius of deformation. The phenomenon was
previously modelled in a rotating basin by Whitehead and Miller
(1979). As the Rossby radius was progressively increased, the
outflow transformed from a narrow jet hugging the right-hand
wall to a gyral circulation. Conlon's cuptation indicated
that an internal Rossby radius of deformation would average about
14 km in the outflow region, but that it would fluctuate from a
low of about 4.7 km in February and March to a high of 23.7 in
Septenber, indicating that the alternation between gyral and
coastal modes my take place as a seasonal phermenon: a gyre
mode during summer and fall, and a coastal mode during winter
and spring. Dynamic calculations relative to a 500-db level
on the basis of 6 series of JMA serial observations during
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October 10 through 20, 1976 in the outflow region, shown in
Figure 4-34, also indicate a persistence of anticlockwise
motion over a 10-day period of the survey (Science and Technology
Agency, 1979).

4.3 Soya Strait

Overview of Problems

Major attention of Japanese oceanographers on the Soya Strait
has been directed to the region of the Soya Warm Current region
along the northern coast of Hokkaido east of the Soya Strait.
This area represents one of the most productive coastal fishing
grounds in Japan, and the presence of drifting ice poses serious
threat to coastal shipping. On the other hand, the degree of
attention being paid to the strait itself as well as the inflow
region has been modest by couparison.

Studies of the inflow and the flow dynamics in the strait
region are hampered particularly by the fact that Japanese cruises
rarely venture out beyond the half-way point to the U.S.S.R.
territory of Sakhalin and the Maritime Provinces. The situation
seems to be mitigated somewhat by the increasing use of satellite
remote-sensing imagery in recent years. An example of very
effective use of TIROS-N imagery covering the entire Soya Strait
region has recently appeared in a GoverTrent-sponsored report:
Report of Ccmprehensive Study of the Sea of Okhotsk (Science &
Technology Agency, 1981).

The inflow dynamics at the Soya Strait essentially remains
an unresolved problem. The prevailing notion is that the Tsushima
Warm Current approaching the Soya Strait along the west coast of
Hokkaido, forming a narrow boundary current, makes a sharp turn
(of an almost 1200) into the Soya Strait. Evidence indicates
that the turning maneuver of the Tsushima Warm Current at the
Soya Strait is a much more complex process involving a series
of interactions between the approaching Tsushima Warm Current
and the water in the Tartar Strait. The writer's tentative
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interpretation of this process based on the existing crui se
data and the recent TIROS-N imagery, is presented in this chapter.
The 1942 cruise of Yushio Maru of the Hakodate Marine Observatory
was one of the few cases in which the data was taken over an
extensive area in this region. This data is described in
detail.

Inflow

Figure 4-35 shows major topographic features with bathymetry
in the vicinity of the Soya Strait. The Soya Strait is about 43 km
wide at its narrowest cross-section between Cape Krilion and
Cape Soya where the water depth goes down to only about 74 meters
(Defense Mapping Agency Hydrographic Center, Chart No. 96938:
Soya Kaikyo). For about 30 km on either side of the strait,
the water depth is shallower than 100 meters. On the west side
of the strait, the southerly approach to the strait, between
Hokkaido and Okushiri Island, is only 22 kn wide with a maximu=
depth of about 80 meters. In contrast, the northerly approach
to the strait, off the west coast of Sakhalin, is free of major
obstruction. On the east side of the strait, the channel widens
abruptly toward the Sea of Okhotsk, with a gentle slope extending
for about 120 km to a depth of 200 meters. Figure 4-36 shows
various channel cross-sections in the vicinity of the Soya Strait.

Among the key reasons which account for the complexity of inflow
dynamics at the Soya Strait are:

(1) Volume transport of the Tsushima Warm Current approach-
ing the Soya Strait is highly variable, depending not only upon
the inherent fluctuation of the transport through the Tsushima
Strait but also upon the outflow into the Pacific Ocean through
the Tsugaru Strait. Figure 4-37 shows the fluctuation of the
northward transport of the Tsushima Warm Current along the west
coast of Hokkaido (Hata, 1962). Over a 12-year period between
1947 and 1959, the transport fluctuated between almost 0 to almost
3 Sv, with an average remaining less than 1 Sv. It seldom
exceeded 3 Sv. An average 22% of the transport arriving at the
Tsugaru Strait moved northward toward the Soya Strait, with a
wide range of variation between almst 0 to about 50%.

(2) The Tsugaru Warm Current moving northward to the Soya
Strait along the west coast of Hokkaido encounters complex coast-
line and bottan topography. The coastline irregularity
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is particularly severe at Kamoi Misoki. North of this point, the
shelf widens abruptly to a broad geitLk Lxttmx:i which cxterds
westward as much as 100 kmi to a depth of 200 m. This relatively
flat bottcn would favor instability of a current noving over it,
giving rise to a possibility of meander and, in particular,
decreased speed. Further north, Rishiri arid Rebun Islands lie
athwart the approaching current, leaving a narrow chinel only
about 22 kn wide and less than 80 m deep.

(3) As the Tsushima Warm Current raoves closer to the
vicinity of the Soya Strait, it encounters the Japan Sea Polar
Front which persists even during sumrmer in this region. Figure 4-38
shows this situation (JODC, 1978). Hydrography in the northern
Sea of Japan, particularly in the vicinity of Sakhalin and the
Tartar Strait, is not well understood, and a yossible interaction
between the encroaching Tsushima Warm Current and a cold water
mass typical of this region rrains uncertain.

(4) The Soya Strait is closed with ice for at least 3 months
of the year. Figure 4-39 shows an example during 1971 (Japan
Meteorological Agency, 1972). Although the recent successful
measurements of currents under the ice by the researchers of
the Hokkaido University's Low Teperature Science Institute
demonstrated that the Tsushima Warm Current makes sporadic inflows
under the ice (Aota, 1979; Aota and Kawamura, 1979), such inflows
would not account for a major amount of transport.

That the Tsushima Warm Current does make an inflow into the
Soya Strait, has long been recognized. Drift bottles released
in the Tsushima Warm Current south of Hokkaido during sumer,
when the surface wind affect is least in this area, were found
to make occasional landfall on the northern coast of Hokkaido
east of the Soya Strait (see Fig-re 4-40; Akagawa, 1955).
However, it is also recognized that the number of bottles
recovered east of the Soya Strait was considerably fewer than
those found on the west coast of Hokkaido south of the strait.

There are same observations which may shed light on the
complex processes of inflow at the Soya Strait. Early in 1933,
Suda described that the leading edge of the Tsushima Warm Current
would reach as far as the vicinity of the Amur River deep into
the Tartar Strait. Although this assertion was made on the
basis of few data at that time, a recent study utilizing TIROS-N
imagery (Science and Technology Agency, 1981) seens to
corrobarate Suda's statement. On the other hand, it has been
observed that even during the time of its peak inflow into the
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Soya Strait, the Tsushima Warm Cur rcnt does occupy only part of
the strait on the Hokkaido side. 'Te northern part of the strait
is usually occupied by a cold water associated with either the
Sea of Okhotsk or the Tartar Strait. A sharp front dividing the
warm water on the south and the cold water on the north sides
has been reported on a number of occasions. Repeated cruises
by the Japan Hydrographic Office seemed to find indications that
part of the water from the Liman current mixes with the Tsushima
Warm Current to flow into the Soya Strait (Japan Hydrographic
Office, 1950 and 1952). Recent studies of TIROS-N inagery by
Japanese oceanographers (Science and Technology Agency, 1981)
have also mentioned frequent occurrences of a front trailing
southeast fran Cape Krilion, indicating an inflow of cold water
which was formed along the southwest coast of Sakhalin.

A set of data taken by Yushio Maru of the Hakodate Marine
Observatory provides a unique overview of the cozplex inflow
environent, as the cruise covered a wide spread of stations
in the vicinity of the Soya Strait. Yushio Maru's cruise took
place during a 22-day period between August 6 and 28, 1942.
Although nuch difficulty was encountered by the ship on its
virgin voyage, a wealth of data were collected, and an excellent
analysis was published in 1944 (Hakodate Marine Observatory,
1944).

Figure 4-41 shows dynamic depth anonalies cacnputed frcm
the cruise data. Interestingly, the result indicates the
presence of a substantial amount of inflow into the strait
arriving fron the west coast of Sakhalin, a fact which has
been recently reconfirmed (and mistakenly called a new discovery)
from the study of TIROS-N imagery (Science and Technology Agency,
1981). The result also reveals little indications of inflow
frcn the southerly approach to the strait on the west coast of
Hokkaido.

At a 5-m level, the flow pattern is weak except for giving
an indication of a cyclonic gyre in the Aniva Bay and an inflow
frcm the northwest into the strait. The gyle and the inflow
gave rise to a front which trails in the southeast direction
fran Cape Krilion. The occurrence of this front has also been
recently recognized in TIROS-N imagery by Japanese oceanographers
(Science and Technology Agency, 1981). The inflow from the
northwest is more conspicuous at a 10-m level, where also the
front persists at the same general location. Any indication of
an inflow into the strait from the southerly approach is
conspicuously lacking.
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At a 25-m level, the situation is more or less the same as
on the upper layers, except that the front has now shifted
southward, pressing the inflow toward the southern half of the
strait. At a 50-rm level, the inflow has virtually ceased to
exist across the strait, which is understandable since the
strait is only about 74 meters deep. At this depth, an anti-
cyclonic circulation makes an appearance east of Rebun Island,
yielding a southerly flow component away from the strait. At
levels deeper than 53 meters, the west side of the strait is
completely occupied by southerly currents, and there is no
inflow into the strait.

Figure 4-42 shows temperature and salinity distributions
at three levels: at the surface, 25 m and 50 m. Figure 4-43
shows two vertical sections on both sides of the strait.
Corresponding station locations are indicated in Figure 4-42.
At a 25-m layer, temperature is much lower than at the surface.
As seen in Figure 4-42, there is a thermocline on this level
which rises steeply toward the west coast of Sakhalin, indicating
the possibility of upwelling. Station 8 corresponds to a location
where TIROS-N imagery frequently reveals the presence of a cold
water mass on the southwestern coast of Sakhalin. The area of
this cold water mass was marked with a shade pattern in Figure 4-42.
It can be seen that it trails southeastward from Cape Krilion, as
has also recently been verified by satellite imagery (Science
and Technology Agency, 1981).

On the east side of the strait, a sharp thermocline between
10 and 20 meters underlies a low salinity, warm wate- of the
Aniva Bay. A density front (near station 11) separates this
water fram a relatively high-salinity water on the Hokkaido
side. This latter water, forming a very narrow belt against
the Hokkaido coast, strongly resembles the surface water on
the west side of the strait both in salinity and temperature
(about 34 PPT and 16 C).

Figure 4-44 is a summary of a total 1,978 GEK measurements
by Japanese oceanographic agencies in the vicinity of the Soya
Strait. It is interesting to note that the surface currents
approaching the Soya Strait along the west coast of Hokkaido
are generally weak. The currents are especially weak in the
channel between Rebun Island and the west coast of Hokkaido.
There is an indication of an anticyclonic gyre occupying a
broad basin west of the strait. A phenoenon of particular
importance is that once inside the strait, the current speed
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increases remarkably, and its direction is sharply altered into
a southeasterly direction (in contrast to a generally northeasterly
direction west of the strait).

It is likely that the inflow dynanics at the Soya Strait may
not be a plausible process in which the Tsushima Warm Current
arriving from the south along the west coast of Hokkaido may be
thought to continue its movement into the strait by simply veering
its course eastward while maintaining a coherent stream. It is
more likely that the Tsushima Warm Current arrives here with a
broad front occupying a large cross-section both on the east and
west of Rebun Island. Figure 4-45 shows monthly average GEK
records from a total 1,778 measurements between 1958 and 1965
(Nakabayashi and Arai, 1968). The currents moving northward
along the west coast of Hokkaido exhibit distinct disarray off
Kamoi Misaki where the coastline makes an abrupt change in
configuration. There exist signs of eddies and branching at
this location. As a result, the current broadens its width, and
decreases its speed. By the time the Tsushima Warm Current
arrives near Rishiri Island, it still retains a broad width
which in August, a peak season, is roughly twice as large as
that off the Tsugaru Strait. It is also obvious that the
northward velocities occur both on the east and west sides of
Rebun Island.

Upon reviewing available literature and data, the present
writer proposes the following hypothesis to explain inflow
dynamics at the Soya Strait. The Tsushima Warm Current arriving
on the west side of the strait would impound the area while
attempting to continue its northward advance into the Tartar
Strait. It will fill the broad basin west of the strait and
engage in active mixing on its western boundary with the cold
water mass adjacent to the USSR coast. A super-elevation will
result from the continuous impoundnient, which will then give
rise to a pressure gradient directed to the strait. An inflow
will thus take place into the strait, which obviously will
entrain a water along the west coast of Sakhalin to fill the
northern section of the strait close to Cape Krilion. To
replenish this entrairrient, there will be an upwelling along
the coast of Sakhalin adjacent to Cape Krilion, as already
evidenced fran satellite imagery as well as by the Yushio Maru
cruise. Furthermore, because of the entrainment entering the
strait from its north side, the inflow will tend to veer in
the southeasterly direction instead of moving directly due
east, as also evidenced by the GI< records (Fiqure 4-44).
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Soya Warm Current

The current which passes through the Soya Strait continues
to move southeastward within about 50 km of the Iokkaido coast.
This current is called the Soya Warm Current. Its offshore
boundary is frequently delineated by a front. In August when
the current is most active, its volume transport may rise to
1.3 - 1.4 Sv in the vicinity of Mambetsu (Aota and Kawamura,
1979a). Typical salinities of the Soya Warm Current are 33.6 -
34.0 PPT, somewhat lower than those of the Tsushima Warm Current
but distinctly higher than the lower salinity waters of the Sea
of Okhotsk.

Figure 4-46 shows temperature distribution on the surface and
a 50-n level in July (Japan Hydrographic Office, 1952). A
periodic distribution of cold water masses along the outer boundary
of the current is a characteristic phenomenon. These cold water
masses are not present on a 50-rn layer, indicating that they are
essentially limited to the surface layer.

Figure 4-47 presents two typical cross-sections off Mombetsu
for May and July (Aota et al., 1973). It can be seen that the
front, which is dominated more by salinity than temperature
gradients, exists from the surface to the bottom, and that the
Soya Warm Current may be active to a depth of as nwch as 150 m
during these months. The location of the front can be seen at
a distance of about 10 n. miles (about 20 kn) from the coast.

The Soya Warm Current exhibits remarkable seasonality. In
late March to early April, when the ice leaves the shore, a
wumrm current with its characteristic salinity of 33.6 - 34.0 PPT
makes its appearance below the surface off Mombetsu. Its tem-
perature, about 1 - 29C, is only slightly lower than the 2 - 30C
temperatures recorded at this time within the Tsushima Warm Current
region west of Hokkaido (Ata and Kawamura, 1979a). The Soya
Warm Current gains its strength rapidly during May to July, and
emerges to the surface along the entire northern coast of Hokkaido
by August. In the meantime, the current speed almost doubles
from around 25 cm/sec in May to around 50 cm/sec in September
(Science and Technology Agency, 1981j. In late October, the
Soya Warm Current begins to shrink shoreward as the low salinity
ueter from the Sea of Okhotsk expands southward, and by late
November the Soya Warm Current disappears from the surface.
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The current speed in the Soya Warm Current is nuch faster on
the surface. Long-termn averages of GEX records (Figure 4-44)
indicates a speed in excess of 1 knot between Cape Soya and
Moubetsu. Individual GEK measurements revealed ich higher
speeds, up to 1.7 knot in spring (April-May), 2.9 knot in summer
(August-SeptLber ) and 1.8 knot in fall (October-November)
(Sugiura, 1958).

The tidal currents in the Soya Warm Current region are
cdaruantly diurnal, with semi-diurnal constituents playing a
secondary role. Flood currents move to the southeast, ebb
currents move to the northeast. Tidal currents exhibit annual
highs of about 50 rmVsec (1 knot) in June and July, reducing
to about half as strong in September (Science and Technology,
1981).

The Low Temperature Science Institute of the Hokkaido
University conducted successful in-situ measurements of current,
salinity and temperature under the ice continuously for 4 months
fran December 1977 to March 1978 (Aota and Kawaura, 1979a).
According to this result, even during the ice season, there
were occasional bursts of activity by the Soya Warm Current at
a depth of about 60 m off Mombetsu. Monthly averages of non-
harmonic currents indicated a consistent southeasterly flow at
8 - 16 amVsec from December to mid-January, less than 6 cm/sec
from early to late February (a peak ice season), and 10 - 15 cm/sec
toward late March.

Table 4-4 shows temperature and salinity ranges of typical
water masses in the vicinity of Soya Warm Current (Iida, 1962).
Figure 4-48 shows general location of these water masses. The
front consists of a cold intermediate water of the Sea of Okhotsk
(Im) with salinities slightly lower than those of the Soya Warm
Current. Maeda (1967) proposed that this cold water belt marking
the outer boundary of the Soya Warm Current resulted f ran an
upwelling of "dichothermall water (lying 50 - 100 m below the
surface) under the forcing of coast-parallel southeasterly winds
which prevail during summer months. Recently, TIROS-N imagery
offered the possibility of an alternate interpretation (Science
and Technology Agency, 1981). The imagery revealed the presence
of a long cold water belt trailing in the southeasterly direction
frn Cape Krilion, nuch in the same general location where the
cold water belt has been previously recognized by ship cruises.
More interestingly, the imagery also revealed, repeatedly, the
presence of instability along the cold belt with wave lengths
of 50 - 60 km.
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TABLE 4-4. Temiperature and Salinity Ranges of

Typical Water Masses near Soya Strait

TEMPERATURE , oC

May August November

Sw Soya Warm 5.0- 9.0 16.0- 19.0 9.0- 12.0
Current

Im Intermediate 2.0- 5.0 9.0- 15.0
Water

Ow offshre 2.0- 14.0- 16.0 8.0- 10.0
Warm Water

Low Salinity 15.0- 16.0 4.0- 6.0
Water

SALINITY, °/oo

May August November

Sw Soya Warm 33.06- 33.15- 33.06-
Current 33.96 34.05 34.15

Intermediate 32.16- 32.34-Water 32.88 32.88

ffshore 32.16- 32.70- 32.52-
Warm Water 32.52 32.88 33.06

Low Salinity 32.62- 31.26-
Water 32.16 32.16

Note: Data derived and reprocessed fran "Iida, H., 1962,
On the Water Masses in the Coastal Region of the
Southwestern Okhotsk Sea, Jour. Oceano. Soc. Japan,
20th Anniversary Volume, 1962.
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Figure 4-49 shows such an instability pattern based on the
cruise records of Tankai Maru during October 13-18, 1975. A
NOAA-4 thermal IR imagery over this area on October 15, 1975
confirmed the presence of this pattern. It appears that usually
the instability forms an average three waves between the Soya
Strait and the Shiretoko Peninsula (Science and Technology
Agency, 1981). The occurrence of a cold water mass, such as
appearing at the trough of the wave pattern in Figure 4-49,
has also been reported in the literature (namely, Hakodate
Marine Observatory, 1944; Japan Hydrographic Office, 1952).
It is quite likely, in view of the different locations along
the Soya Warm Current where cold water masses have been reported
to occur, that the instability pattern is translatory, moving
in the southeast direction. The occurrence of the instability
pattern along the cold water belt was not always associated
with a favorable southeasterly wind (Science and Technology
Agency, 1981). Thus, while a wind-forced upwelling may be one of
the possible causes for the formation of a cold water belt at
the outer boundary of the Soya Warm Current, another possible
cause is the entrainent of a cold water from the west coast
of Sakhalin. Because this water is entrained by horizontal
eddy mixing with the Soya Warm Current, the boundary is in-
herently turbilent and would, under certain favorable conditions,
evolve a Kelvin-Helmholz instability.

This is a good example in which a satellite surveillance
capability can successfully complement the sparsely distributed
surface cruise data. A three-dimensional hydrodynamics associated
with such an instability mechanism in the Soya Warm Current
region will be an extremely interesting subject of study in the
future, particularly by the numerical modelers.
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Tsushima Strait

Tsujita, T., 1954a. SaMi theoretical considerations on the ecosystem
in the Warm Tsushima Current (I) (Japanese with English abstract).
Journ. Oceanographical Soc. of Japan, 10(3), pp. 133-157.

With primary interest in the relationship between ecological
productivity and physical oceanic system, the another takes Lagrangian
approach to focus on msoscale processes such as vortices, upwelling,
and offshore entrainment of coastal water along the coastal front in
the region of the Tsushima Warm Current. Figure 1 and Table 1 show
the vortices which were either directly observed or theoretically
deduced fron data. Figure 2 and Table 2 summarize the coastal fronts
which mainly appear during fall to spring. Table 3 sum-arizes the
position and strength of thermocline.

Tsujita, T., 1954b. On the observed ocearographic structure of the
Tsushima fishina arounds in winter and ecological relationship
between the structure and fishing conditions. (Japanese with
English abstract) Journ. Oceanographical Soc. of Japan, 10(3),
pp. 158-170.

Fran field observations in the winter of 1949 and in the spring
of 1953, the author was able to recognize topographically controlled
vortices, current rips and stratifications adjacent to the Tsushim
Islands. Distribution of these features is found to be essentially
camparable to situations which would result fram impingement of a
stratified current against an ellipsoidal object at oblique angles.

Tsujita, T., 1954c. On the observed oceanoaraphic structure and the
development of stratified vater currents in the Straits of
Tsushima and the Sea of Goto-Amakusa in the Western Japan
(Japanese with English abstract). Bull. Seikai Regional
Fisheries Research Lab., No. 1, pp. 1-32.

The author presents interesting schematics of eddies and frontal
structures in the vicinity of the Tsushima Islands based on data
interpretation and literature survey.
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Chart of the waters west of Japan showing the horizon.

boundaries described in the text and Tab. 2.

Tab. 2. Positioa and strength of coastal fronts denoted by ( S"ms x

off the coast of western Japan during the years 1952, 1953.

Month O -t. Nov. Dec. Jan. Feb. March Apr Ma
Sea part I. .. -

Waters north of the Tushima 2nd d.Islands / / / 0.2 / / /

Iki Channel decade 1st d. 2nd d 2nd d lst d. 3rd d. Ist d. 2nd d

1st
0.2 0.1 0.1 0.5 0.2 / O.O6 0.1 1, ci

Central part of the Sea of 3rd d. 2nd d. 2nd d. 2nd d. Ist d. Ist d. 3rd d. 3rd d. 2nd di
Goto.Amakusa 0.3 0.2 0.2 0.2 0.1 0.1 0.2 u.1 ,

Off southern Amakusa in the 2nd d. 3rd d.2nd d. 2nd d st d 3rd d. 2nd d
Sea of Goto-Amakusa 0.3 0.2 0.5 0.5 / 0.1 0.0 '2

Between Nomazaki and the 3rd d. 3rd d .nd d 1st d. 3rd d. Ist d
Koshiki Is. 0.5 0.2 0.2 / 0.3 / 0.04 u. l

Between Nomazaki and the 3rd d. nd 11st d rd d." "nd d
UI z I s . 0 .0 4 0/ 0 .4 / / 0 1 0 0 2 ' ,2

Waters south-west of the Uzi 3rd d. l2nddt d. n

Is. 
0 4 / .04 / / .3 , ,

I I

Table 2. (Tsujita, 1954a).
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Tab 3 losituon and strength of thermoclin--;

June July

kThe 2nd (ie-adel
(The Ist decade) App-nrin. partly in the cote

A weak discontinuity layer of the warm Tsushima Cur-
Straits of Tsushima slightly recognizable in the rent.

waters around Oki Island. j7 JS 5 *C,'25-50 m. stratum.
Temperature gradient j',"JS Northern areaof the straits,
1 'C,'10-20 m. stratum. jTfjS 3 'C.10-30 m. stratum

Southern area of the straits.

Near the Iki Channel / /

(The 2nd decade) (The 2nd decade)
The discontinuity layer Development of stratifica.

Central part of the Sea not developed 'yet, and tion notable; whereas alue
of Goto stratification seen distinc- of the JT/IS of each layer

tively. became large, and the dis-
continuity layer not develop-
inq.

(The Ist decade)
The discontinuity layer

not appeared yet. A coastal
Off the Amakusa Is. front remained near the

coast of Amakusa Is.

(The 2nd decade)
Comparatively formal (The 1st decade)

Sea area from Noma stratification can be seen, _T_1S of the upper layer
Zaki to the Koshiki Is. bit its upper layer unstable large, but no discontinuity

to some extent. layer seen.

(The 3rd decade)
Sea area from Noma JT/JS of each layer large,
Zaki to the Uzi Is. / but no discontinuity layer

can be seen.

(The 3rd decade)
Although the upper l-yer

slightly unstable, there could
Westward off the Uzi Is. / be seen strong stiatification

in the mid-depths. The dis-
continuity layer not appeared~yet.

Table 3. (Tsujita, 1954a).
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Tab 3. Position and strength of thermoclines

August September October

(The 2nd decade) (The lst decade)

(TheA2d dsc ae pA remarkable discontinu.Straits of Tsushima A discontinuity layer pre- / ity layer seen below the
Steait. oT hiaaS 8 'C/20-50 mO. mid-depths. JTiJS 5 "C 5'.
stratum. 75 m. stratum.

(Ukuzima-Tsushima-Futaga.
mi Is.)
The upper layer unstable

Near the Iki Channel / / and the temperature gTad-
ents in the bottom laver
large. The discontinuitvlayer not yet recognizable.

(The lot decade)
A discontinuity layer pre- (The 2nd decade)

sent. j'T[jS 3 =C(5-10 m. (The 2nd decade) Though the upper laver
Central part of the Sea stratum. The developed discontinu- unstable, yet a coastal frort

of Goto (The 2nd decade) ity layer present. 4T1S 4 begun to appear. jT JS 3
A discontinuity laver pre- °Cj50-75 m. stratum. 'C/50-75 m. stratum.

sent. jT/jS 6 
0
C/lo-25 m.

stratum.

(The 2nd decade)
(The 2nd decade) The upper layer unstable

Off the Amakusa Is. A discontinui!y layer pre- and development of tie
sent. oTnJS laerr- / coastal front could be ecn
senatu. 4' 2 .off Ushibuka of the Ara.
stratum. kusa Is. j TJS 3 C 61-%,

m. stratum.

(The 3rd decade)
The upper laver unstable

(The 3rd decade) (The 3rd decade) and a coastal front britunSea area from Noma A discontinuity lyer pre- A weak discontinuity lay- to appear. A discontinu,t"
Zaki to the Koshiki Is. sent. JT/iS 7 C/50-75 m. er present. T/jS 3 C/30- layer present in the mid-

stratum. 60 m. stratum, depths. jT'JS 4 ;C 3u-75

m. stratum.

(The 1st decade) (The 3rd decade)
The upper layer unstable Stability large in theSea area from Noma and there could be seen deper layer than the mid-Zaki to the Uzi Is. / stable stratification below deepths. The upper laer

the mid-depths. depth uptri.
Discontinuity layer absent. above 75 i. depth unstable.

(The 3rd decade)
Stability large in the

Westward off the Uzi Is. / / deeper layer than the mid-
depths and the upper layer
above 75 m. depth unstalile,

II______________________________

Table 3 (Cont'd). (Tsujita, 1954).
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Figure 1. (Tsujita, 1954c).
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Tsushima Strait

Yi, Sok-U, 1966. Seasonal and secular variations of the water volume
transport across the Korea Strait. Journal of Oceanological
Society of Korea, 1(1-2), pp. 7-13.

Voloumne transport through both West and East Channels of the
Tsushima Strait is investigated using geostrophic calculations on
the basis of data between 1932 through 1941 and between 1960 through
1965. The calculated seasonal transport was found to fluctuate between
annual maximn of about 2.21 Sv in sunmer-fall and annual minimum of
about 0.33 Sv in winter-spring. Annual net northward transport varied
between a record high of 1.3 Sv in 1935 and a record low of 0.85 Sv in
1939. Annual transports appeared to exhibit a four-year periodicity
between 1930 and 1940. See Figures 1 and 2.

Yi, S.U., 1967. On the variations of monthly mean sea levels along
the coast of Korea (Korean with English abstract). Journ. of
Oceanological Soc. of Korea, 2(1), pp. 24-33.

Analysis was perforne on the monthly mean sea level data between
around 1962 and 1966 at Ullungdo, Mukbo, Ulsan, Pusan (or Busan).
Chinhae, Yosu, Cheju (or Jeju), Mokpo and Inchon. The variations in
monthly mean sea level were found to be related mainly to steric and
atmospheric effects. The steric effect was most pronounced on the
east coast facing the Sea of Japan and the south coast facing the
Tsushima Strait, particularly at Pusan. Additional causes were river
runoff on the west coast, and possibly the fluctuation of oceanic
currents along the east and south coasts. The monthly mean sea levels
were high in sunre-fall and low in winter-spring, with a range of
20 - 50 cm.

Nan-niti, T. and A. Fujiki, 1967. Secular variation of hydrographic
conditions in the East Tsushima Strait (Japanese with English
abstract). Journ. Oceanographical Soc. of Japan, 23(4), pp. 201-
212.

A time-series data consisting of 40-year (1913-1952) monthly
serial observations across the East Channel of the Tsushima Strait
by the Fukushima Fisheries Experiment Station is analyzed to ascertain
secular variation. Monthly mean temperature and salinity sections
(Figure 1) indicate three typical types: a well-mixed type for
Decenber-March, a stratified type for June-October, and a transition
type for other months. The current axis appears to be located near
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Tsushima Strait

St. 6, closer to the Tsushima Island. Salinity drops abruptly after
June to a minimum in August, suggesting entrainnent of water fram the
Yellow Sea. A power spectrum analysis (Figure 2) failed to reveal
any significant periodicity. A correlogram analysis (Figure 3) of
SSr along the current axis revealed a periodicity of about 2 years.
Annual mean temperature variations (Figure 4) appeared to indicate
periodicities of about 9 years along the current axis, and 7 and 9
years at St. 1 and 4.

Gong, Y. and C.K. Park, 1969. on the oceanographical character of
the low temperature reqion in the Eastern Sea of Korea. (Korean
with English Abstract) Bull. Fisheries Research and Development
Agency, No. 4, pp. 69-91.

Characteristics of the cold water region along the southeast coast
of Korea north of the Tsushima Strait are investigated using data of
the Fisheries Experiment Station of Korea 1925-34, the Central
Fisheries Experiment Station 1957-60, Fisheries Research and Develop-
ment Agency 1961-67, and the CSK cruises 1965-69. The cold water
region is typically situated west of the East Korean Warm Current
and usually extends to the vicinity of Ullungdo. The water mass in
this region is considered to be formed by the North Korean Cold
Current or as a result of mixing between the N.K.C.C. water and the
mid-layer of the Tsushima Warm Current. The cold water mass which
is well developed during June through Septenber is distinctly
stratified with the thermocline as much as 150-meter deep. The
region is bounded by a stationary cyclonic gyre and characterized
by low temperature (about 50 C), low salinity (33.80 - 34.100/oo) and
high D.O. content (6.2 cc/L).

Gong, Y., 1970. A study of the South Korean coastal front. A paper
presented in the 2nd CSK Symposium, 28 Sept. - 1 Oct., 1970,
Tokyo, CSK News Letter Issue No. 31, December 1970. Also, a
Korean paper with English abstract in Journ. Oceanological Soc.
of Korea, 6(1), 1971, pp. 21-36.

The South Korean coastal front, so named by Uda (1958), is
formed where the Tsushima Warm Current meets the South Korean coastal
water and usually extends between the vicinity of Jeju (or Cheju)
Island and Tsushima Islands. Oceanographic cruise data during the
26 cruises in 1967-69 within 150 miles of the southern coast of Korea
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Tsushima Strait
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Figure 1. Seasonal fluctuation of the South Korean coastal
front. (Gong, 1970).
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Tsushtna Strait

reveal the presence of this front, scnewhat nore distinct and stable
in fall and winter, across which there exist sharp gradients both in
temperature and salinity. The paper gives seasonal fluctuation of
the position of the front.

Yi, Sok-U, 1970. Variations of oceanic condition and mean sea level
in the Korea Strait. In "The Kuroshio," ed. by J.C. Marr, East
and West Center, Hawaii, pp. 125-140.

Using serial oceanographic data obtained by Korea Fisheries
Research and Development Agency, and tidal data at five stations
facirg the Tsushima Strait between 1962 and 1967, the author in-
vestigates relationship between steric sea level vis-a-vis recorded
sea level and their effects on the current in the West Channel.

"The tide in the strait was discussed by Ogura (1933).
The senidiurnal tidal wave rotates counterclockwise around
an amphidrcac point a little west of the midpoint of the
northeast end of the strait. The spring range of tide is
about 220 an along the coasts of the Goto Islands, about
330 cm on the coast of Korea near the southwest end to the
strait. It decreases gradually to the northeast along the
shores of the strait to about 20 cm and 10 an at the coasts
of Ho3nshu and Korea at the northeast end."

"Along the Tsushima Islands the flood current flows to
the south, the ebb current to the north. Their directions
reverse at about the time of high and low waters. In the
eastern part of the south coast of Korea, the flood current
goes to the southwest, the ebb current to the northeast off
the coast, and reverse their directions at about the time
of high and low waters. In the western half of the same
coast, the current generally sets to the east and west in
the offing, the west-going current running from 2-3 hours
after low water to 2-3 hours after high water, with maximum
velocity of 2 to 3 knots at narrows."

"Nishida's (1927) 24-hour current observations in the
western channel show that the cnponents of senidiurnal and
diurnal tidal current are 0.7-1.3 knots and 0.4-0.7 knot in
the upper layer, respectively, and the strength of tidal
currents is almost the same from the surface to the bottam."
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Tsushima Strait

A good agreement was found between the monthly mean sea levels
reduced to normal atmospheric pressure and computed steric sea levels
at Busan (or Pusan), Jeju (or Cheju) and Izuhara (on Tsushima Island).
See Figure 1. A good correlation is also found between sea level
differences (Izuhara-Pusan) and computed average current velocities
in the West Channel.

Burns, D.A., 1975. Tidal frequency oscillations on the Tsushima Current.
NAVOCFANO Technical Note No. 6110-4-75. 31 p.

Six Geodyne A-101-1 current meters, taut moored in two three-meter
arrays in the West and East Channels of the Tsushima Strait in
October 1972, yielded approximately 550 hours of continuous records
each. The current meters were positioned in the surface, middle and
bottom layers. Another nearsurface meter, a Q-15 ndel, yielded
approximately 120 hours of record at one array. In both channels
and at all depths, the major constituents were found to be Mz, Sz,
K1 and 01. At least 75 percent of all the N-S flow, and 69 percent
of all the E-W flow could be attributed to tidal oscillations. Major
axes of the tidal ellipses were essentially in agreement with the
orientation of the channels.

Huh, O.K., 1976. Detection of oceanic thermal fronts off Korea with
the Defense Meteoroloical Satellites. Remote Sensing of
Environment, 5, pp. 191-213.

Using thermal infrared imagery from the Air Force Defense
Meteorological Satellite Program (DMSP), the behavior of a coastal
front off the Korean coast facing the Tsushima Strait was investigated.
The imagery reveals the South Korean coastal front extending a
considerable distance into the West Channel and a complex structure
along the front involving such features as local upwelling associated
with Meso-scale eddies and diffusive pluaes.
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Tsush:.i Strait

Ogawa, Y., T. Nakahara, and R. 'Tanaka, 1977. Hydrographic nature of
coastal fishing grounds in the southwestern Japan Sea. Bull.
Seikai Regional Fisheries Research Lab., No. 50, pp. 7?-126.

Analysis of oceanographic data obtained from the serial surveys
during 1973-75 reveals that the coastal water in the southwestern Sea
of Japan is dcninantly influenced by the offshore low-salinity water
known as "Upper water of the Tsushima current" originating in the
East China Sea, rather than by the influx fresh water from local
rivers. Distinct low-salinity water masses which form in the coastal
region results from the initial supply of the low-salinity offshore
water in summer and subsequent processes of convective overturn
comencing in early fall. Thus, the occurrence of low-salinity
coastal waters in the soithwestern Sea of Japan is restricted to
the fall season.

Lee, K.B., 1978. Study of the coastal water near Ulsan. Journ. of
Oceanological Soc. of Korea, 13(2), pp. 5-10.

A cold water ma.,s which customarily appears off Ulsan, Korea,
on the West Channel of the Tsushima Strait during summer months is
related to an anticlockwise gyre occurring between the axis of the
inconing Tsushima Warm Current and the Korean coast. The cold water
is typically situated near the southern end of this gyre where the
southerly current turns east (offshore), indicating that the cold
water upwelling is induced at this location. See Figures 1 and 2.

Ogawa, Y., T. Miita, A. Ichihara, Y. Hasegawa and N. Inoue, 1979.
Fluctuations of the Tsushima Current measured with the current
d . Bull. Seikai Regional Fisheries Research Lab., No. 51,
pp. 13-43.

A total of 27 runs of current drogue in the East Channel of the
Tsushima Strait, performed between 1973 and 1976, were analyzed.
Drogues at 5 m from the surface exhibited average speeds of between
0.3 and 0.9 knot, with slightly longer values offshore than nearshore.
Whereas the surface current in the offshore region revealed
fluctuations of predcminantly tidal cycles, the nearshore surface
current contained fluctuations of shorter periods averaging a few
hours. A meso-scale fluctuation with a period of a few days was
detected in one experimnnt, which appeared to be associated with
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Tsushima Strait

atmospheric disturbances. Deep drogues exhibited rrovemnts widely
inconsistent with those of the simultaneously tracked surface drogues.
Trochoidal-shaped trajectories associated with diurnal tidal cycle,
and possibly by the inertia current, were observed.

Choi, B.H., 1980. A tidal model of the Yellow Sea and the Eastern
China Sea. Korea Ocean Research and Development Institute
(KORDI) Report 80-02, 72 p.

A two-dimensional finite difference numerical model was developed
to investigate primarily the distribution of the M2 constituent of the
tide in the Yellow Sea and the East China Sea which includes the
southern half of the Tsushima Strait. A uniform grid size of 1/5-
degree latitude and 1/4-degree longitude was used, and the model
calibration us performed against data at 56 tide gauge locations
in the system. The computed results showed excellent agreement
with data, with the error remaining at approximately 10% in amplitude
and 10 degrees in phase.
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Tsushinra Strait
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Tsushima Strait

Science and Technology Agency, 1971. Report on the comprehensive
study of the Sea of Japan (Japanese with English abstract).
Special Report of Science and Technology Agency, Japanese
Government, 98 p.

A 3-year program with participation of the Hydrographic Office,
the Meteorological Agency, the Geological Survey, and the Fisheries
Agency, was performed during 1968 through 1970. The Hydrographic
Office in 1969 concentrated on the currents in the Tsushima Strait,
occupying 39 stations in the strait for current measurements, of
which two stations (one on each channel) were for measurements
longer than 25 hours and the rest for 25 hours.
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5.2 Circulation in the Sea of Japan
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Circulation/Sea of Japaw

Uda, M., 1934. Hydrographical studies based on simultaneous oceano-
araphical surveys made in the Japan Sea and its adiacent waters
durinct May and June, 1932. Records of Oceanographic Works in
Japan, 1(1), pp. 107.

This report describes part of the result of the most ambitious
oceanographic study that took place in the prewar Japan, in which
the Imperial Fisheries Experiment Station, with its Soyo Maru (202 GT)
and a contingent of same 50 vessels from practically all the pre-
fectures facing the Sea of Japan, conducted an "Issei Chosa"
(simultaneous study) in the Sea of Japan, the Yellow Sea and the
East China Sea. This study, following immediately the survey by the
Imperial Marine Observatory's Syumpu Maru (1928-32), provided much of
the knowledge on the Sea of Japan to mid-1950's, providing in particular
a concept on the occurrence of three branches at the extension of the
Tsushium Warm Current. Another paper emerged from this study relating
to the survey results of October and November, 1933:

Uda, M., 1936. Hydrographical studies based on
simultaneous oceanographical survey made
in the Japan Sea and its adjacent waters
during October and November, 1933. Journ.
Imperial Fish. Exp. Station, Vol 7, pp. 91-
151.

The data was published in two semi-annual reports:

Seni-annual report of Oceanographical
Investigation, No. 50, 1932, pp. 390-
397, and No. 51, 1933, pp. 260-270.

Figure 1 shows the survey lines (May-June, 1932), and Figure 2
the proposed general circulation pattern from this study.

The following excerpt from the summary section of the paper is
of particular interest to sea strait hydrography:

Masses of warm and salty water; which came into
the Japan Sea through the Tusima Strait, flow out with
a high velocity through the two straits of Soya and
Tugaru. A cold and comparatively fresh water, belonging
to the so-called Liman Current-System, flows in through
Tartary (Mamiya) Strait, but in our opinion the quantity
is very small, contrary to the inferences of Schrenck,
Makaroff, etc.
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Circulation/Sea of Japan

In the seas adjacent to the southern Siberian Coast
and North Tyosen, exists a source of relatively fresh and
cold water, although the two large warm and cold water-
masses keep up the two large vortical circulations, which
are almost independent of eacn other, and mingle only on
their boundary zones.

Observations of the course of the Tusime Current
make it seem that the water of Warm Current-System, after
its entrance through the Tusima Strait, spreads to the
greater part of the Japan Sea and that owing to the earth's
rotation, dur.Lng the advance of the water in a NE direction
a counter-current area is formed in its central part, when
a water-mass constituting about 60-80% of the inflow passes
through the Tugaru Strait from the Japan Sea to the Pacific
Ocean.

We may therefore expect the stream-lines to be
crowded at the west entrance of the Tugaru Strait, as
in Fig. 35, although no exhaustive theoretical inter-
pretation of it has yet been attempted.

North of the Tugaru Strait, the deverged stream-
lines again converge at the entrance of Soya Strait,
owing to the outflow of a large quantity of water through
the latter strait.

The south-going current along the continental side
forms in such a way that, (1) the water adjacent to the
coasts of southern Siberia and North Tyosen, under the
influence of the deflecting force due to the earth's
rotation, is deflected to the right, and (2) due to
topographical restrictions, under the influence of East
Tvosen Warm Current a counter-clockwise vortical current
is induced.

As to the fundamental motive force that causes
the inflow through the Soya and Tugaru Straits, same
such agencies as difference in water pressure, tidal
or meteorological-effect, or the cambined effects of
the current-systems in the northern Pacific Ocean, may
be invoked to explain it, but the real nature of the
mechanism is as yet unknown.
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Tanioka, K., 1968. On the East Korean Warm Current. The Oceanogra-
phical Magazine, 20(1), pp. 31-38.

Characteristics of the E.st Korean Warm Current are elucidated
fram analysis of KFRDAL data during 1960-64, CSK data during 1965-67,
and data from three Japanese prefectural fisheries experiment stations
facing the Tsushima Strait, i.e. Fukuoka, Yamaguchi and Shimane,
during the saie peri od. The authoi dscertuins that East Korean Wa~im
Current would move as far north as 40 0 N, beyond Ullung-Do, usually
occurring in fall. The current axis is closer to the coast in winter
and spring, but farther offshore in summer and fall. The northward
volume transport is estimated to be about 3 Sv., but 80-90% appears
to move back as a countercurrent occurring just east of it. Where
a strong countercurrent makes a sharp anticyclorac turn nearer the
Honshu coast, a mesoscale cold water mass is generated inside the bend.

Iida, H., 1972. On the shape of the sea surface along the coast of
islands of Japan. The Oceanographical Magazine, 23(2), pp. 69-79.

The shape of the sea surface along the Japanese coasts was inves-
tigated on the basis of data fran a total of 40 Japan Meteorological
Agency tide stations. The bench mark elevations from the most recent
first-class leveling iork accomplished by the National Geographical
Institute during 1963-68 was used to reduce the data at individual
tide stations to a camron datun (.r.). The result shows that the
sea levels along the Sea of Japan are highest than those along the
Pacific coast. Along the Japanese coast, the sea level rises toward
the northeast, reaching the highest value at Iwasaki in the downstream
region of the Tsushima Warm Current. This, however, is consistent
with the dynamic depth anomaly in the region.
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Kawai, H., 1974. Historical models of ocean currents in the Sea of
J (Japanese). In "Symposium on Tsushima Warm Current-
Dynamics and Fisheries (Japanese)," Koseisha Koseikaku Press,
Tokyo, Japan, pp. 7-26.

A numnber of models on the branching patterns of the Tsushima
Warm Current extension past the Tsushima Strait are reviewed,
beginning with the earliest Schrenck (1873) model through the
earliest a 3-branch model by Suda and Hidaka (1932) and Uda (1934)
to a 2-branch nodel(Tanioka, 1968; Moriyasu, 1972) and a meander
model (Naganuma, 1973). The author is in favor of a meander model
and shows a striking similarity between the current pattern in the
Sea of Japan and that of the Kuroshio meander. The geometrical
scale ratio of the two patterns is about 2:1, which is in rough

agreement with the ratio of the corresponding barotropic Rossby
wave lengths.

References:

Schrenck, L.V., 1973. Stroenngs-verhaeltnisse in Okhotskschen u.
Japanischen Meere u. in den zunaechst angrenzenden Gewaeessern.
Mem. d. l'Acad. Ixp. d. Sc., St. Petersburg, VII.

Suda, K. and K. Hidaka, 1930. The result of the oceanographic
observation on board "SyumW Maru" in the southern part
of Japan Sea in the summer of 1928.

Part 1: Jour. Oceanography (Kaiyo Jiho), Thperial Mar.
Obs., 2, pp. 1-73.

Part 2: Jour. Oceanography (Kaiyo Jiho), Imperial Mar.
Obs., 2, pp. 155-264.

Suda, K. and K. Hidaka, 1932. The results of the oceanographical
observations on board R.M.S. "SyuTpu Maru" in the southern
part of the Japan Sea in the sumer of 1929.

Part 1: Jour. Oceanography (Kaiyo Jiho), Imperial Mar.
Obs., 3(2), pp. 291-375.

Suda, K. and K. Hidaka, 1932. Results of the second oceanogra-
phical observation on board R.M.S. 'Syumpu Maru" in the
southern part of Japan Sea (July-September, 1929). Jour.
oceanography (Kaiyo Jiho), 3(2), pp. 329-330.
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Suda, K., K. Hidaka, Y. Matsudaira, E. Kurashige, H. Kawasaki,
and T. Kubo, 1932. The results of oceanographical obser-
vations on board R.M.S. "Syumpu Maru" in the principal part
of the Japan Sea in the sumer of 1930. Jour. Oceanography
(Kaiyo Jiho), 4(1) pp. 38-40.

Tanioka, K., 1968. On the East Korean Warm Current (Tosen Warm
Current). The oceanographical Magazine, 20(1), pp. 31-38.

Moriyasu, S., 1972. The Tsushima Current. In "Kuroshio - Its
Physical Aspects, " ed. by H. Stciael and K. Yoshida, Univ.
of Tokyo Press, pp. 353-369.

Naganumna, M., 1973. On the controversy of the third branch of
the Tsushima Warm Current (Japanese). Nissuiken Laison
News, Japan Sea Region Fisheries Research Laboratory,
No. 266, pp. 1-3.

Yoon, J-H., (1974). Numerical investioations of the circulation in
the Japan Sea - Branchina of the Tsushima Current. Ph.D.
dissertation sutmitted to Geophysical Institute, Faculty of
Science, Univ. of Tokyo, 132 p.

Canputer simulation is performed to investigate the branching
mechanisn of the Tsushima Warm Current in the Sea of Japan. The
study finds that two branches are formed: a western branch correspond-
Ing to East Korean Warm Current which results fran the Beta-effect as
well as from differential heating in the Sea of Japan, and an eastern
branch along the Honshu coast which is topographically controlled.
The model predicts formation of cold water and a narrow boundary
current off the Siberian coast in winter, and of the polar front
across the Sea of Japan associated with seasonally varying atmospheric
conditions. See Figures 1 and 2.
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Circulation/Sea of Japan

Nakano, M. and S. Yaxnada, 1975. On the mean sea levels at various
locations along the coast of Japan. Journ. Oceanographical Soc.
of Japan, vol. 31, pp. 71-84.

Variations of annual mean sea levels at a total of 55 stations
between 1953 and 1970 are analyzed to determine their relationship with
meteorological and oceanographical conditions. The effect of tectonic
movement was found to be less than 10 nuVyear in 90% of the stations,
and the effect of atmospheric pressure fluctuation on the order of
several an. After subtracting these two effects, the mean sea level
is found to be higher along the coast on the Sea of Japan, the west
coast of Kyushu and the coast of Hokkaido than on the Pacific coasts.
Other suspected causes are the deflecting force due to the earth's
rotation on currents and the steric effect.

Minato, S. and R. Kinura, 1980. Volume transport of the western
boundary current penetratinm into a marginal sea. Journ.
Oceanographical Soc. of Japan, Vol. 36, pp. 185-195.

The paper is a numerical test of a concept considering the inflow
into the Tsushima Strait and the outflow through the Tsugaru Strait
as resulting from the pressure difference between the two straits
associated with the western boundary current of the subtropical gyre
in the North Pacific. The caiputation is based on a linear, steady
and barotropic model on a Beta plane with bottom friction, width and
depth of the straits as variable parameters. The result shows that
in the absence of bottom friction, the inflow through the Tsushima
Strait is controlled mainly by the external conditions, i.e. the
wind stress driving the western boundary current in the open ocean
and the relative positions of the two straits. In the care of a
finite value of bottom friction, the main controlling factors are
the ratio of the depth of the Sea of Japan to that of the open ocean
as well as the width of the sea straits. In both cases, the transport
is driven by the average pressure gradient between the two sea straits.
Using the model, the authors estimate that the volume transport
through the Tsushima Strait represents about 2% of the transport of
the Kuroshio as previously ascertained by Moriyasu (1972).
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Tsuqaru Strait

Hikosaka, S., 1953. on the ocean currents (non-tidal currents) in the
Tsucraru Strait. (Japanese with English abstract). Hydrographic
Bulletin No. 39, pp. 279-285.

The report sumarizes the results of two cruises in the summer
(June 1 - August) of 1951 and 1952 by the Japan Hydrographic Offices
No. 4 Kaiyo Maru (200 GT), No. 1 Tenkai Maru (100 Gr), and a supporting
ship. Part of a previous cruise performed in 1941 is also analyzed.
Twenty-four-hour measurements of currents were performed at about 100
positions. The residual corponent of the measured currents (non-tidal),
which is indicative of net volume transport of the Tsushima Warm
Current into the Tsugaru Strait, exhibited remarkable fluctuation at
semi-monthly to monthly periods. This may be due to the fluctuation
of either the strength of the inflow or the path of the current axis,
or both. Measured current speeds in the channel displayed a good
geostrophic relationship with the water level differences across the
channel (between Tappi and Shirakami).

Akagawa, M., 1954. On the oceanographic conditions of the north
Japan Sea (west off the Tsu aru Straits) in suimer (Part 1)
(Japanese with English abstract). Journ. Oceanographical Soc.
of Japan, 10(4), pp. 189-199.

Several distinct water masses are recognized in the region
adjacent to the entrance of the Tsugaru Strait based on the hydro-
graphic data in the sumTer of 1950-53. These water masses are:

C: Coastal water with low chlorinity and high D.O. and
nutrient salts.

T(S): Occupying the surface layer (less than 25 m) of the
Tsushima Warm Current, this water mass extends to the
west to form pronounced rips at the boundary with the
Liman cold current. This boundary, occurring along
what is known as the Japan Sea Polar Front, is
recognized about 60 miles off Gongen Zaki in sumrer.
Characteristic tenperature is over 20 0C and salinity
less than 18.900 /oo. The water mass T(S) consists of
3 sub-masses: T(Sc), T(SB) and T(SL), depending upon
the routes of the branches of the Tsushima Warm Current
in the Sea of Japan before they converge at a point
off Gongen Zaki.
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M (Akagawa, 1954).
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Schematic representation of
water mass stratification.

Figure 1.
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Tsugaru Strait

T (M): A nmid-layer mass and a principal constituent of the
Tsushima Warm Current, lying beneath T(SB) between
50 and 75 1 fran the surface, characterized by 150 C
and 19.00 0/00.

L: Surface water of the Liman Current, characterized by
16-17°C and 18.7 °/oo adjacent to the Polar Front.

M: Sometimes called "mid water", this water mass is
located between 200 and 250 m from the surface in
the Tsushim Warn Current reion. It is characterized
by 3 - 40C and around 18.80°/oo.

B: Japan Sea bottom water, lying usually below 1000 m.
Characteristic temperature is around 0.1°C and
salinity around 18.85 °/oo at the depth of 1000 m.

Akagawa, M., 1955. On the oceanoqraphical conditions of the north
Japan Sea (west of the TsuQaru-Straits) in stiner (Part 2)
(Japanese with English abstract). Journ. Oceanographical Soc.
of Japan, 11 (1), pp. 5-11.

Trajectories of the drift bottles released in the Tsushima Warm
Current indicated that only the water masses T(SC), C and part of
T(SB) would be entrained into the Tsugaru Strait, the r-t continuing
the northward movement with the Tsushima Warm Current.

Yasui, Z. and K. Hata, 1960. On the seasonal variations of the sea
onditions in the Tsugaru Warm Current region. Bull. Hakodate
Marine Observatory, No. 7, pp. 1-10.

The authors review existing data and literature to discuss the
volum~e transport into the Tsugaru Strait, sea conditions off the
t& tern opening, and relations between the sea conditions off the

, -t trn and eastern openings. They find that the volume transport
* tf*, Tsugaru Strait varies from 50 to 100 percent of the

i:,; "sLshiima Warm Current, averaging about 70%. At the
Sr.in'q, off Shiriya Saki, the transport of the Tsugaru Warm

ouJd vuiy seasonally from a mnimum of 0.2 - 3.6 Sv in
t,, a maximum of 1 - 7.7 Sv in August-November. The
,r.,il(-rably fluctuates in pattern depending largely
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upon the intensity of the Kuroshio and other undetermined ambient
conditions. The eastward extension of the outf lowing Tsugaru Warm
Current could be large even when the volume transport was small
(Nov. 1951 and Aug. 1958).

Kubota, T. and K. Iwasa, 1961. On the currents in Tsucaru Strait
(Japanese with English abstract). Hydrographic Bulletin No. 65,
pp. 19-26.

Currents through the Tsugaru Strait were investigated using the
electric potential difference induced in the submarine telephone
cable as well as GE< and drogues in 1959 and 1960. A calibration
test showed that an induced electric potential difference of 100 mV
was equivalent to about 1 knot at the western entrance of the strait.
Coparison between GEB-measured surface currents and the recorded
electric potential difference showed little correlation between the
two parameters. An interesting correlation was recognized between
the induced electric potential difference and the atmrospheric
pressure difference between Hakodate and Hachinoe.

Hakodate Marine Observatory, 1961. Report of the oceanographic
conditions in the TsuQaru Straits in the period from 1943 to
1958 (Japanese with English abstract). Bull. Hakodate Marine
Observatory, vol. 8, 62 p.

Variation in strength of the eastward flowing warm current in
the Tsugaru Strait was investigated on the basis of data collected
at 10-day intervals over a 15-year period between 1943 and 1958 on
board a cross-channel ferry boat. The report consists of four
technical chapters dealing with water temperature and chlorinity,
surface microplankton, chernistry, and relationship between the
hydrography of the Tsugaru Strait and that off the Sanriki coast.
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Annual variation of mean maximum temperature Of surface
water in the Tsugaru Straits for 1943 to 1958.
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Figure 1. (Hakodate Marine Observatory, 1961).
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Figure 2. (Hakodate Marine Observatory, 1961).
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Science and Technology Agency, 1971. Report on the comprehensive study
of the Sea of Japan (Japanese with English abstract). Special
Report of Science and Technology Agency, Japanese Goverruent,
98 p.

A 3-year program with participation of the Hydrographic Office,
the Meteorological Agency, the Geological Survey, and the Fisheries
Agency, was perforned during 1968 through 1970. In 1970, the
Hydrographic Office performed current measurements in the Tsugaru
Strait, occupying 16 stations. The Japan Meteorological Agency in
October-November, 1970 conducted an ambitious 5-ship joint study of
the Tsugaru Strait with participation of Ryofu Maru (JMA Hqs),
Kofu Maru (Hakodate M.M.O.), Shtmpu Maru (Kobe M.M.O.), Chofu Maru
(Nagasaki M.M.O.) and Seifu Maru (Maizuru M.M.O.). A ccmprehensive
range of data on the Tsugaru Strait and its adjacent areas emerged
fran this joint cruise.

Hata K., 1973. Variations in hydrorphic conditions in the seas
adjacent to the T sig~na Straits (Japanese with English abstract).
J. Meteor. Res., 25, pp. 467-479; also Bull. of Hakodate
Marine Observatory, No. 18, 1975, pp. 17-29.

The study concerns itself with estimation of volume transport
through the Tsugaru Strait on the basis of the entire range of
hydrographic data obtained by the Japan Hydrographic Office, the
Fisheries Research Laboratories (and prefectural fisheries experiment
stations), and the Meteorological Observatories between 1933-1967 in
an area bounded by 40 - 40.5N and 141 - 143.25E. The paper also
gives an extensive literature review on various effects affecting
the volume transport through the Tsugaru Strait. The transport
through the Tsugaru Strait varies by one order of magnitude between
about 5 and 0.5 Sv. Among the principal factors controlling the
transport are: the occurrence of warm water masses detached f ran
the Kuroshio close to the Sanriku coast (in the Pacific Ocean) which
would cause a setup, reducing the water level difference between the
Japan Sea and Pacific sides of the Strait (as in 1954, and 1967),
disturbances due to typhoon on the Pacific side, mid-latitude
cyclones which would cause a setup as the inflow side of the Strait
in the Japan Sea, and the volune transport of the Tsugaru Warm
Current arriving at the Tsugaru Strait. The ratio of the transport
through the Tsugaru Strait relative to the arriving volune is also
a function of the transport itself. The ratio was as high as 83%
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Unit: x 106n1/sec

Runi ___ Run 2 Run 3 Run 4

Sou/th +1.8 +0.7 +2.5 +1.6 +0.8 +2.4 +2.6 +0.7 +3.3 +2.5 +0.7 +3.2
(4o0N)

EIst4 E-1.7 -0.1 -1.8 -1.2 -0.2 -I.4 -1.7 0 -1.7 -1.5 0 -1.5

Nortb -0.2 -0.4 -0.6 -0.3 -0.2 -0.5 -1.0 -0.7 • -1.7 -1.1 -0.8 r -19
(404o'N)

-- A, 7. 141

(13840'E) 0 -0.1 -0.1 0 -0.4 -0.4 0 0 0 0 +0.2 +0.2

+ ITj , - OIrFI W: WI'RM C: COJLD

Table 1. Voluie Transprt Calculations.

(Science & Te7n, Aency, 1971)
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Tsucraru Strait

in the sunier, 1947, whn the arriving volum was 5.7 Sv, but was
only 60% in the stmTer, 1950, when the latter was 2.0 Sv. The
highest observed ratio was 93% in 1961 when the arriving transport
was 3.2 Sv. Typical seasonal volume transports through the Tsugaru
Strait based on dynamic calculations relative to 600 db for the
entire study period 1933 - 1967 were: 1.7 Sv (winter), 1.8 Sv
(spring), 4.4 Sv (sumner) and 4.0 Sv (fall). See Figure 1 depicting
various current patterns in the vicinity of the Tsugaru Strait.
This paper supercedes a previous paper by the same author titled:

Hata, K., 1962. Seasonal variation of
volume transport in the northern
part of the Japan Sea. Journ. Oceano-
graphical Soc. of Japan, 20th
Anniversary volune, pp. 168-179.

Science and Technology Agency, 1979. Report on the cMWrrehensive
study of the Tsugaru Warm Current region (Japanese with
English abstract). Special Report of Science and Technology
Agency, Japanese Goverrments, 335 p.

A 3-year study as a joint program between the Hydrographic
Office, the Meteorological Agency, the Fisheries Agency was performed
from 1975 to 1977, with the following objectives:

o Currents in Tsugaru Strait (JHO).

o Bottom topography and submarine geology in the
Strait (JHO).

o Oceanographic structzre in the Tsugaru Warm
Current region and relationship between
fluctuation of oceanographic factors and
meteorology (JMA).

o Relationship between distribution ard migration
of fishing grounds and fluctuation of oceano-
graphic factors.

The JHO concentrated on the currents at the western entrance,
occupying a total of 27 stations over a 3-year span in the channel.
Harnmnic analyses on tide and tidal currents were performed on the
data. The JMD's interest was mainly in the eastern region of the
strait, with particular attention to the extension of the Tsushimm
Warm Current into the Pacific Ocean.
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TsuCRu Strait

Oonlon, D.M., 1981. Dynamics of flow in the region of the Tsucru
Strait. Coastal Studies Institute Technical Report No. 312,
Louisiana State University, Baton Rouge, Louisiana, 61 p.

Dynamics at the inflow, the channel and the outflow regions of
the Tsugaru Strait were investigated using recent data from
Japanese and U.S. sources. The volume transport into the strait
was found to exhibit an excellent correlation with the steric height
relaxation in the cross-channel, rather along-channel, direction
in the inflow region adjacent to the entrance. In the channel
itself, the flow was geostrophically balanced in the cross-channel
direction, whereas the principal momentum balance was between the
barotropic pressure gradient, the longitudinal baroclinic pressure
gradient, and friction. The outflow exhibited two distinct model
behaviors: a gyre mode (warmer months) and a coastal mode (colder
months). The governing factor for these behaviors appeared to be
the internal Rossby radius of deformation - a finding consistent
with the results of a laboratory experiment by Whitehead and Miller
(1979).
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Soya Strait

Hakodate Marine Observatory, 1944. Report on Marine Observations
in Soya Strait (Japanese with English abstract). Bull.
Hakodate Marine Observatory, Vol. 1, pp. 1-62.

This report describes Japan's first major study on the Soya
Strait, conducted by Yushio Maru in August 1942.

Figure I shows the stations occupied by Yushio Maru in 1942.
The ship encxuntered a strong current (easterly flowing) in excess
of 4 knots near Nijo-iwa, too strong to stay on anchor. Subsequently,
the ship occupied Stations 17 and 18, where the highest recorded
currents over a 24-hour period were, respectively, 155.0 cm/sec
and 83.3 cm/sec, both flowing in the southeast. Figure 2 shows the
tidal ellipses and non-harmonic ccmponents, indicating that the
currents through the strait are dominated by non-harmonic rather
than tidal effects. Maxirmun currents by tide alone were of the
order of 40 anVsec, whereas those by non-harmonic effects were of
the order of 70 cm/sec.

Figure 3 shows the distributions of teperature and salinity
at 0, 25 and 50-meter depths, and Figure 4 those in vertical
sections. Notice the presence of a localized cold water mass
hanging to the east of Nijo-iwa in Figure 3, which probably
represents a topographically controlled upwelling in the wake
of the island. Notice also, in Figure 4, that the isotherms have
emerged to the surface in the vicinity of Nijo-iwa, i.e. between
Stations 11 and 18, and again between Stations 11 and 12.
Figure 5 shows dynamic topography.

Akagawa, M., 1968. The mean sea surface temperature of the Okhotsk
sea in cooling season (Preliminary report) - Normal distribu-
tion of sea surface tenperature.

Analysis is made of 5-day mean SST data during 1960-65 which
incorporates the USSR maritime broadcast, to elucidate the role
of the extension of the Soya Warm Current into the Sea of Okhotsk
during the cooling season (October through December). The SSr is
higher in the southwest part of the Sea of Okhotsk and lower toward
the northern part. The presence of warmer water extending to the
midst of the Sea of Okhotsk is due to the Soya Warm Current which
moves north- and northeastward as far as 50N after leaving the
northern coast of Hokkaido. On the other hand, the East Sakhalin
Current, moving southward along the east coast of Sakhalin, brings
low-tenperature and low-salinity water to the offshore region of
Hokkaido.
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Fig~ure 1.

(Karamura et, al, 1975)
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Trajectories of drift ice.
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Soya Strait

Maeda, S., 1967. On the cold water belt alonci the northern coast
of Hokkaido in the Okhotsk Sea. (Hydroaraphy of the Okhotsk
Sea, Part I) Uxito Sora, 43, pp. 19-37.

This study investigates the cause for the formation of a cold
water belt which emerges along the offshore margin of the Soya Warm
Current off the northern Hokkaido coast. Using oceanographic data
fram the Hydrographic Office during 1955-60 and more than 4,000
weather charts, the author proposes that the cold water belt is
formed on the surface as a result of an upwelling of the dicho-
thermal water (lying at 50 - 100 m below the surface) under the
coast-parallel southeasterly wind which prevails during summer
months. The author also discusses the lag time of the upwelling
process under wind forcing.

Kawamura, T., M. Aota and T. Tabata, 1975. On the diverence and
rotation of ice field off Okhotsk Sea coast of Hokkaido
(Japanese with English abstract). Low Taperature Science,
Ser. A. 33, pp. 179-190.

Kawamura, T., 1977. on dvren~ce and rotation of ice field off
Okhotsk Sea coast of Hokkaido, I, (Japanese with English
abstract). Low Tanperature Science Ser. A. 35, pp. 259-266.

Drifting ice serves as an excellent indicator of surface
currents in the Soya Warm Current region off the northern Hokkaido
coast. Using a radar imagery at appropriate time intervals, ice
moverents were traced and their dynamic patterns analyzed. The
velocity, divergence and rotation changed remarkably with time and
space, and no distinct relationship with the wind system was
recognized.
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soya Strait

Science and Technology Agency, 1981. Report on the carprehensive
study of the Sea of Okhotsk (Japanese with English abstract).

This 3-year program involved the Hydrographic Office, the
Meteorological Agency, and the Fisheries Agency between 1976 through
1978, with the following main objectives:

o Dynamics of the Soya Warm Current, the East
Sakhalin Current, and the inflow through
the Kurile Islands.

o Development of cold wter.

o Interaction of oceanographic factors and
biological productivity.
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